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Ordering Information 
Package Information 








TSC87XX/TSC94XX/TSC14433 


Ordering Information 


The Device Identification Codes for Device Numbers of TSC8700, TSC9400 and TSC14433 Family 
are as Follows: 


PACKAGED DEVICES 


1. TELEDYNE SEMICONDUCTOR DEVICE 

2. DEVICE NUMBER_ 

3. ELECTRICAL GRADE (if applicable)_ 

4. R - REVERSE LEAD CONFIGURATION (If applicable)_ 

5. OPERATING TEMPERATURE RANGE_ 

C — Commercial Temperature Range (0 to 70°C) 

E — Extended Temperature Range (—40 to +85°C) 

B - Military Temperature Range (-55 to +125°C) 

6. PACKAGE TYPE__ 

J — Plastic Package 

N — Ceramic Package 
L - CerDIP 
Y - Dice 

E - Metal Can (TO-99) 

M - Metal Can (TO-18) 

EXAMPLE: TSC8701CL Operates Over the Commercial Temperature Range and is a CerDIP Package 
PRODUCT STATUS 

Three Classes of Data Sheets are Shown in this Data Book. These are identified by the Presence 
or Absence of a "Banner" on the First Page. 


TSC XXXXX X X X X 

JTTTTT 


DATASHEET INDENTIFICATION PRODUCT STATUS COMMENTS 


No Identification 

Production 

Delivery Subject to Product Demand. 

Preliminary 

Initial Production 

Data Sheet Electrical Limits 

Established. Limited Production 
Quantities Available. Samples 

Available. 

Advance Product 

In Design 

Data Sheet Gives Design Goal, 

Information 


Electrical Specifications and Major 
Product Features. Contact Teledyne 
Marketing for Samples and Information. 


Note: Teledyne Semiconductor Reserves the Right to Make Changes at Any Time Without Notice in 
Order to Improve Performance and Supply. 
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All other CMOS ICs 

Ordering Information _ (Except 87XX/94XX/14433 Products) 

The Device Identification Codes for All Other CMOS Products and All Products in 60-Pin Flat 
Packages are as Follows: 


PACKAGED DEVICES 


TSC XXXXXX XXX X/ XXX 


1. TELEDYNE SEMICONDUCTOR DEVICE 

2. DEVICE NUMBER —__ 


3. ELECTRICAL PERFORMANCE GRADE OPTION (if applicable)_ 

R — Reversed Pin Layout 

4. OPERATING TEMPERATURE RANGE_ 

M — Military Temperature Range (—55°C to +125°C) 

I* — Industrial Temperature Range (—25°C to +85°C) 

C — Commercial Temperature Range (0°C to +70°C) 

* -- May Be —40°C to +85°C. Refer to Specific Device Specification 

5. PACKAGE TYPE_ 

J — CerDIP Dual-ln-Line (non side brazed) O 
P — Plastic Dual-ln-Line L 

T — TO—99 Type (round metal can) 

B — Plastic Fiat Package (formed leads) 

S — Plastic Flat Package (unformed (straight) leads) 


— Plastic ''SO" Surface Mount 

- Plastic Leaded Chip Carrier (PLCC) 


6. NUMBER OF PACKAGE PINS - 
A - 8 N - 18 

D - 14 G - 24 

E - 16 1-28 

F - 22 L - 40 


Y — 8 (pin 4 connected to case) 
Q - 60 
W-44 
S - 68 


7. PROCESSING OPTION_ 

883 - MIL-STD-883B, Class B Processing * 
Bl -100% Burn-In at 125°C for 160 Hours 


^Contact Teledyne Semiconductor Marketing for MIL-STD 883C status. 


TELEDYNE SEMICONDUCTOR 


2-4 





Digital Logic — 300 Series 


Ordering Information 


PACKAGED DEVICES TSC XXX X X 


1. TELEDYNE SEMICONDUCTOR DEVICE_ I 

2. DEVICE NUMBER _ 

3. ELECTRICAL GRADE AND TEMPERATURE RANGE_ 

A — Industrial Temperature Range, 15 V, (—30 to +70°C) 

B - Military Temperature Range, 12 V, (-55 to +125°C) 

C - Industrial Temperature Range, 12 V, (-30 to +85°C) 

M — Military Temperature Range,15 V, (—55 to +125°C) 

4. PACKAGE TYPE_ 

G - Metal Can (TO-8) 

H — Flatpack 

J — Plastic Package 

L — Ceramic Package (CerDIP) 

Y - Dice 

EXAMPLE: 303AL Operates Over an industrial Temperature Range at 15 V and is a CerDIP Package 


Product List — Digital Logic 

301 Power NAND Gates Dual 5-Input 349 

302 Power NAND Gates Quad 2-Input 350 

303 Power NAND Gates Quad 2-Input 351 

304 Power NAND Gates Triple 4, 3, 4-Input 355 

306 NOR Gate Quad 2, 2, 3, 3-Input 361 

307 NOR Gate Quad 2, 2, 3, 3-Input 362 

311 Flip Flops Master/Slave RST 363 

312 Flip Flops Dual J-K Edge Triggered 367 

313 Flip Flops Dual J-K Master/Slave 368 

321 NAND Gates Quad 2-Input 370 

322 NAND Gates Dual 5-Input 371 

323 NAND Gates Quad 2-Input 372 

324 NAND Gates Quad 2-Input 373 

325 NAND Gates 2,2,3,3-Input 374 

326 NAND Gates 2,2,3,3-Input 375 

331 Gate Expander Dual 5-Input 380 

332 Hex Inverter Gates 4-Inverter, 2-NAND 381 

333 Hex Inverter Gates 4-Inverter, 2-NAND 382 

334 Hex Inverter Gates Strobed Hex NAND 383 

335 Hex Inverter Gates Strobed Hex NAND 390 

341 Multifunction Gates Dual 2-Wide, 2-Input 391 

and/or Invert 392 

342 Dual Monostable Multivibrator 393 

343 Digital Comparator 4-Bit 394 

344 Multifunction Gates Dual Expandable AND-NOR 395 

347 Dual Retriggerable Monostable Multivibrator 396 


Dual Retriggerable Pulse Stretcher 
Multiplexers 8-Bit 
Multiplexers Dual 4-Bit 
Timer 

Dual 11-16V to 5V Interface Voltage Translator 
5V to 11-16V Interface Dual Translator 
5Vto 11-16V Interface Quad 2-Input NAND 
Schmitt Trigger Quad(Active Pullup) 

Schmitt Trigger Quad(Open Collector) 

Flip Flop Quad D 
Counters Decade 
Counters Hexadecimal 
Up-Down Counters Decade 
Up-Down Counters Hexadecimal 
Shift Register 4-Bit 

BCD-to-Decade Decoder/Drivers Lamp Driver 
BCD-to-Decade Decoder/Drivers Logic Driver 
BCD-to-Decade Decoder/Drivers Gas Tube Driver 
Decoder/Driver BCD-to-7 Segment 
Dual Interface Buffers 4-Input Expandable AND 
2-Input AND 
2-Input NAND 
2-Input OR 
2-Input NOR 

4-Input Expandable NAND 
Dual Differential 


Dual Interface Buffers 
Dual Interface Buffers 
Dual Interface Buffers 
Dual Interface Buffers 
Dual Interface Buffers 
Line Driver/Receiver 


2 - 5 


'W'TELEDYNE SEMICONDUCTOR 





Package Information 


(Package #1) 
TO-18 (2-Pln) 



(Package #3) 
TO-99 (8-Pin) 



. 165 ( 4 . 19) 1 ._ J 

.i25(ri8Fr *1 


(Package #2) 
TO-92 (2-Pln) 



(Package #4) (Package #5) 

8-Pln Plastic DIP 8-Pin CerDIP 
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Package Information 



(Package #8) 
16-Pin Plastic DIP 


(Package #9) 
16-Pln CerDIP 




(Package #10) 
18-Pin Plastic DIP 







Package Information 


_ 0 - 0 . 

jn .,)n r-i..i-i n 

J 

t 

0.3 (7.62) 

0.28 (7.12) 

1 

1 —- 

0.91 (23.12) 

1 

0.89 (22.61) 


0.17 (4.32) f n 
MAX -' * 



0.02 (0.508) 0.105 (2.67) 

0.015(0.381) 0.095(2.42) 


(Package #11) 
18-Pin Ceramic DIP 


(Package #12) 
24-Pin Plastic DIP 


(Package #13) 
24-Pin Ceramic DIP 




(Package #14) 
24-Pin CerDIP 
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Package Information 



(Package #15) 
28-Pin Plastic DIP 




(Package #16) 
28-Pin Ceramic DIP 


(Package #17) 
40-Pin Plastic DIP 


(Package #18) 
40-Pin Ceramic DIP 
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Package Information 


(Package #19) (Package #20) 

28>Pin CerDIP 40-Pin CerDIP 




(Package #21) 
60-Pin Flat Package 
Formed Leads 


(Package #22) 
60-Pin Flat Package 
Unformed Leads 


.054 ± .004 

_i_ 

[^15° MAX 

.047 ± .004 / 

1 ~rrf \.. 

^ .098 1 

— ± .002 1 


VS 1 

t —►.102 ±.012 

.0075 

— 

~T~ 

-.050+.006 .010 MIN 
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Package Information 



(Package #23) 
TO-18 (3-Pln) 



BOTTOM VIEW 


(Package #24) (Package #25) 

TO-92 (3-Pln) 8-Pin Plastic “SO” 



BOTTOM VIEW 



(Package #26) 
14-Pln Plastic “SO” 
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Package Information 


(Package #27) 

68-Pin Plastic Chip Carrier 
(PLCC) 

TOP VIEW 


.. 0.050 TYP 




*-0.104-► 

_1 

0.028 


0.011 


\j _ _ 

._J 

T 


L_ 0.062 _ 

r TYP 1 

^0.030^ 
r TYP ' 



0.125 DIAX 0.005 DEEP 
4PLCS (EJECTOR PIN) 


(Package #28) 

44-Pin Plastic Chip Carrier 
(PLCC) 



(PLCC) 



TOP VIEW 
0.050 TYP 





r~ TYP 
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Quality Assurance Program 
























Teledyne Semiconductor 
Product Assurance Program 


Teledyne Semiconductor’s Product Assurance Program is based on four major blocks: 

• Quality Control 

• Quality Assurance 

• Reiiability 

• Quality Circies 


Quality Control 

The Quality Control function handles con¬ 
tinuous monitoring of production, from in¬ 
coming inspection of raw materials to wafer 
and assembly processing. This includes sur¬ 
veillance of documentation, calibration, and 
environmental processing. 

The three major areas of Quality Control are: 

• Incoming Inspection 

• In-Process Control 

• Qperation Surveillance 

• Vendor Qualification 


Quality Assurance 

After devices are subjected to 100% testing in 
manufacturing, they are formed into lots and 
submitted to Quality Assurance acceptance 
testing. Three types of tests are performed on 
samples: Visual/Mechanical, Parametric, and 
Functional. The sampling is based on a plan 
equivalent to a .07 AQL with a .5% AQQL. (All 
TSC sample plans are in accordance with 
MIL-M-38510 appendix B or MIL-HDB 105D.) 
Testing is done at room and elevated temper¬ 
ature. Lower temperature testing is performed 
when required by the specification, or when a 
potential problem is known to exist. 

The Quality function at TSC is directed at pro¬ 
viding a continually improving product that 
meets or exceeds the customer expectations. 
This stated goal is being achieved at Teledyne, 
which is evident in Figure 1 and Figure 2. These 
show constant improvement both in outgoing 
percent defective and customer return rate. 


Reliability 

The Reliability Group is responsible for the 
following functions: 

• New Process Qualification 

• Process Change Qualification 

• Process Monitoring 

• New Device Qualification 

• Device Change Qualification 

• Device Monitoring 

• New Package Qualification 

• Package Change Qualification 

• Package Monitoring 

• Failure Analysis 


Quality Control Circles 

Quality Control Circles are a vital part of the 
quality loop at Teledyne Semiconductor. The 
concept allows each employee directly in¬ 
volved in manufacturing to have a voice in 
how to build a quality product. Volunteers 
within a group meet weekly to determine and 
solve problems. Some solutions to problems 
may be implemented on the job. Others 
require management support, and to this end, 
circle members are trained in management 
presentation. The goal is total employee in¬ 
volvement with an emphasis on building-in 
quality. 
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Product Assurance Program 
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Figure 1 
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DEFECTIVE 


83 


84 



W TELEDYNE SEMICONDUCTOR 3 - 4 




QC 

GATES 


Product Assurance Program 



QC INSPECTION 


QC AUDITS 
QC MONITORS 


QC AUDITS 


QC AUDITS 
QC MONITORS 


QC AUDITS 
QC MONITORS 


MANUFACTURING 


QA INSPECTION 


QA INSPECTION 
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Quality Conformance 


A part of the TSC Quality/Reliability program 
is to assure that all product lines offered meet 
industry accepted standards. This is done by 
a periodic submission of product to a con¬ 
formance test program to collect generic data. 


All tests are done in accordance with MIL-STD 
883C where applicable. (See pages 3-7/3-8) 
Test listings and results from submissions fora 
plastic encapsulated device and a CerDIP her¬ 
metic sealed device are presented in Table 1 
and Table 2. 


Table 1 Plastic 

Test _ Mil-Std/Test Condition Sample Size Qty In Qty Out 


Physical Dimension 

883/2010 

S/S = 45 

45 

45 

Salt Atmosphere 

883/1009/A 

S/S = 45 

45 

45 

Solderability 

883/2003 

S/S = 45 

45 

45 

Pressure Cooker 

96 hrs. 

S/S = 45 

45 

45 

85/85° C R H (Bias) 

I.OKhrs. 

S/S = 

n/a 

n/a 

SSL 

TA = 125°Ct = 1,000 hrs. 

S/S = 45 

45 

45 

Storage 

TS = 150°C t = 1,000 hrs. 

S/S = 45 

45 

45 

Thermal Shock 

-55° C to +125°C 200 cycle 

S/S = 45 

45 

45 

Temperature Cycle 

-65° C to +150°C 1000 cycle 

S/S =45 

45 

45 


Table 2 

CerDIP 



Group B Test 

Mil-Std 

Sample Size 

Qty In Qty Out 

SUBGROUP 1 

Physical Dimensions 

883/2016 

2 devices 
(no failures) 

n/a 

n/a 

SUBGROUP 2 

Resistance to Solvents 

883/2015 

4 devices 
(no failures) 

4 

4 

SUBGROUP 3 

Solderability 

883/2003 

LTPD = 15 

3 devices min. 

3 

3 

SUBGROUP 4 

Internal Visual 

883/2014 

1 device 

1 

1 

And Mechanical 


(no failure) 



SUBGROUP 5 

Bond Strength 

883/2011/D 

LTPD = 

4 devices 

15 

15 

SUBGROUP 6 

Internal Water Vapor 

883/1018 

3 devices 
(no failures) 

5,000 PPM, 10,000 PPM 

n/a 

n/a 

SUBGROUP 7 

Seal 





Fine leak 

Gross leak 

883/1014/C 

LTPD = 2 

116 

116 

SUBGROUP 8 

NA 
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Conformance Flow 

Generic Data Is generated on a periodic basis for the following test. 


MIL-STD-883C Quality 


Conformance Tests 

Method 

Test Condition 

LTPD 

GROUP B 




SUBGROUP 1 

Physical Dimensions 

2016 


2 Devices 

SUBGROUP 2 

Resistance to Solvents 

2015 


4 Devices 

SUBGROUP 3 

Solderability 

2022 or 2003 


15 

SUBGROUP 4 

Internal Visual: Mechanical 

2014 


1 Device 

SUBGROUPS 

Bond Strength 

2011 

Test Condition C or D 

15 

SUBGROUP 6 

NA 




SUBGROUP? 

Seal 

Fine 

Gross 

1014 


5 

SUBGROUPS 

NA 




GROUP C 




SUBGROUP 1 

Steady State Life Test 

Electrical End Points 

1005 

1000 hrs. at 125°C 

5 

SUBGROUP 2 

Temperature Cycling 

Constant Acceleration 

Seal 

Fine 

Gross 

Visual Examination 

Electrical End Points 

1010 

2001 

1014 

1010 or 1011 

Test Condition C 

Test Condition E, Y only 

15 

GROUP D 




SUBGROUP 1 

Physical Dimensions 

2016 


15 

SUBGROUP 2 

Lead Integrity 

Seai 

2004 

1014 

Test Condition B2 

15 


Fine 

Gross 
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Conformance Flow (Cont.) 


MIL-STD-883C Quality 
Conformance Tests 

Method 

Test Condition 

LTPD 

GROUP D (Cont.) 




SUBGROUP 3 

Thermal Shock 

1011 

Test Condition B, 15 Cycles 

15 

Temperature Cycling 

1010 

Test Condition C, 100 Cycles 


Moisture Resistance 

1004 



Seal 

Fine 

Gross 

Visual Examination 

Electrical End Points 

1014 



SUBGROUP 4 

Mechanical Shock 

2002 

Test Condition B 

15 

Vibration Variable Frequency 

2007 

Test Condition A 


Constant Acceleration 

2001 

Test Condition E, Y1 only 


Seal 

1014 



Fine 

Gross 

Visual Examination 

Electrical End Points 

1010 or 1011 



SUBGROUP 5 

Salt Atmosphere 

1009 

Test Condition A 

15 

Seal 

1014 



Fine 

Gross 

Visual Examination 

1009 



SUBGROUP 6 

Internal Water-Vapor Content 

1018 

5,000 PPM - CerDIP only 

3 Devices 

SUBGROUP? 

Adhesion of Lead Finish 

2025 


15 

SUBGROUP 8 

Lid Torque 

2024 


5 Devices 
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Quality Assurance 

Integrated Circuit Screening 


PLASTIC PACKAGE 


HERMETIC PACKAGE 


STANDARD 


STANDARD 


HI REL 


PER MIL STD 883 


* 

Pre Cap Visual 1 


* 

Pre Cap Visual 2 


* 

Pre Cap Visual 1 


* 

Pre Cap Visual 2 



^ ^ 




1 

Stabilization Bake 
Temp = 150“C 

Time = 48 hrs. 

...j 


Stabilization Bake 
Temp = 150°C 

Time = 96 hrs. 


Stabilization Bake 
Temp = 150°C 

Time = 48 hrs. 


Stabilization Bake 

Temp = 150°C 

Time = 96 hrs. 

I 


1 





Temperature Cycling 

10 Cycles 
-65°C to + 150°C 


Temperature Cycling 

10 Cycles 
-65“C to + 150“C 


Temperature Cycling 

10 Cycles 
-65“C to +150'C 


Temperature Cycling 

10 Cycles 
-65°C to + 150°C 


Constant Acceleration 
Y, Orientation, 30KG’s 


Pressure Cooker 

Test 

4 Hours, 2 ATMOS 
10% LTPD 


Pressure Cooker 

Test 

4 Hours. 2 ATMOS 
10% LTPD 


Package Seal 

Fine Leak Test 

Gross Leak Test 


Package Seal 

Fine Leak Test 

Gross Leak Test 



1 


- ^- 



Electrical Test 


Electrical Test 


Electrical Test 


Electrical Test 


Burn-in 160 HRS. 
AT 125“C 


Burn-in 160 HRS. 
AT 125"C 


Electrical Test 


Electrical Test 
5% PDA 


QA Acceptance Tests I I OA Acceptance Tests 


QA Acceptance Tests 


Visual Inspection 


*1. TE-AYG-000732 (TSC Spec) 
2. MIL-STD-883, Method 2010 


Q A Acceptance Tests 
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Device Reliability 


Reliability __ 

The work of the Reliability Group at TSC has 
resulted in aproduotwhich should far exceed 
the reliability needs of any customer. Two 
important measures of device failure rate are 
stress testing under elevated temperature and 
under elevated temperature in conjunction 
with eievated humidity. 


Steady State Life 

Device reliability is often measured by survi¬ 
val rate under high temperature operating 
conditions. Figure 3 illustrates expected fail¬ 
ure rate per 1000 hrs. of operating time over 
a temperature range from 25° C to 175° C. This 
graph is for TSC CMOS integrated circuits. 
The data was derived from results of Dynamic 
high temperature stress testing at 125°C and 
150°C and calculations based on MIL-HDBK 
217D. 



25 30 75 100 125 150 175 

OPERATING TEMPERATURE (°C) 

Figure 3 


Temperature and Humidity 

A major indicator of the reliability of a plastic 
encapsulated device (commercial class) is its 
ability to withstand temperature and humidity 
combined. Elevated temperature and humi¬ 
dity testing is routinely performed by TSC to 
evaluate the affect of these conditions on 
device reliability. The industry standard of 
85°C and 85% Relative Humidity is used. Tele¬ 
dyne Semiconductor has a policy of using pro¬ 
ven state-of-the-art molding compounds in its 
assembly process. Figure 4 illustrates the 
improvement this has made in TSC device reli¬ 
ability as measured by the 85/85 stress test. 



100 500 1000 1500 2000 

TIME (HOURS) 


Figure 4 
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I.C. Handling Precautions 


Transportation 

Two main concerns to be minimized during 
transportation are mechanical vibration and 
shock and Electrostatic Discharge (ESD) 
damage. While mechanical shock can be min¬ 
imized by suitable packing and handling, ESD 
damage requires additional measures 
including; 

• Use containers or jigs which will not induce 
static electricity as the result of vibration 
during transportation. It is desirable to use 
an electrically conductive foam or alumi¬ 
num foil and static eliminating bags. 

• In order to prevent device damage from 
clothing-induced static electricity, workers 
should be properly grounded with ground¬ 
ing straps while handling devices. A re¬ 
sistor of about 1 M ohm must be provided 
to protect from electric shock. 

• When transporting the printed circuit 
boards on which semiconductor devices 
are mounted suitable preventive measures 
against static electricity transfer and 
induction must be taken. Shorting connec¬ 
tors should be placed on open contacts 
and the board transported in electrically 
conductive bags. 


Storage 

It is preferable to store semiconductor de¬ 
vices in the following ways to prevent deterio¬ 
ration in their electrical characteristics, 
solderability, and mechanical appearance. 

• Store in an ambient temperature of 5 to 
30° C, and in a relative humidity of40 to 60%. 

• Store in a clean air environment, free from 
dust and active gas. 

• Store in a container which does not induce 
static electricity. 

Store without any physical load. 

If semiconductor devices are stored for a 
long time, store them as sent from the fac¬ 
tory. If their lead wires are formed before¬ 
hand, they may corrode during storage. 

If the chips are unsealed, store them in a 
cool, dry, dark, and dustless place. Assem¬ 
ble them within 5 days after unpacking. 
Sterage in nitrogen gas is desirable. They 
can be stored for 20 days or less in dry 
nitrogen gas with a dew point at -30° C or 
lower. Unpacked chips must not be stored 
for over 3 months. 

Take care not to allow condensation dur¬ 
ing storage due to rapid temperature 
changes. 
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I.C. Handling Precautions (cont.) 


Testing 

Avoid ESD, noiseorvoltagesurges when test¬ 
ing ICs. The device is in its ieast protected 
state during handiing, insertion and testing. 
Any test equipment that leaks current or is 
allowed to attain only a few hundred volts of 
ESD can destroy CMOS ICs. All equipment 
must be grounded and periodically tested for 
leakage. 


Soldering 

Semiconductor devices should not be left at 
high temperatures fora long time. Regardless 
of the soldering method, soldering must be 
done in a short ti me and at the lowest possible 
temperature. Soldering work must meet sol¬ 
dering heat test conditions, namely, 260°C 
for 10 seconds and 350° C for 3 seconds at a 
point 1 to 1.5 mm away from the end of the 
device package. 

Use of a strong alkali oracid flux may corrode 
the leads, deteriorating reliabilty and device 
characteristics. The recommended soldering 
iron is the type that is operated with a secon¬ 
dary voltage supplied by a transformer and 
grounded to protect from lead current. Solder 
the leads at the farthest point from the device 
package. 


Personnel 

• All personnel handling or in close proxi¬ 
mity to ICs must wear anti-static clothing 
and shoes. 

• Handling personnel must wear grounding 
straps. 

• Work surfaces and straps should be earth 
grounded through a 1 M ohm resistor. 

• Floors and carpets should be treated so as 
not to generate static electricity. 

• Unrelated sources of RF or static electrical 
fields (e.g., plastic boxes, plastic wrappers) 
should be kept away from device handling 
areas. 


Removing Residual Flux 

To insure the reliability of electronic systems, 
residual flux must be removed from circuit 
boards. Detergent or ultrasonic cleaning is 
usually applied. If chloric detergent is used 
for the plastic molded devices, package cor¬ 
rosion may occur. Since cleaning over ex¬ 
tended periods or at high temperatures may 
cause swollen chip coating due to solvent 
permeation, select the type of detergent and 
cleaning condition carefully. Do not use tri¬ 
chloroethylene. For ultrasonic cleaning, the 
following conditions are advisable; 

• Frequency: 28 to 29 kHz (to avoid device 
resonation) 

• Ultrasonic output: 15W/i 

• Keep the devices out of direct contact with 
the power generator. 

• Cleaning time: Less than 30 seconds 

• Clean Freon™ is recommended if other 
conditions permit. 
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CMOS Data Acquisition Cross Reference 


All TSC Products Cross-Referenced Are Plug-In Replacements 

Part Number 

TSC Number 

Comments 


ADC-EK10B 

TSC8701CJ 



ADC-EK12B 

TSC8702CN 



ADC-EK12DC 

TSC8750CJ 



ADC-EK12DM 

TSC8750BN 



ADC-EK12DR 

TSC8750CN 



ADC-EK08B 

TSC8700CJ 



ADC-ET10BC 

TSC8704CJ 



ADC-ET10BM 

TSC8704BN 



ADC-ET10BR 

TSC8704CN 



ADC-ET12BC 

TSC8705CJ 



ADC-ET12BM 

TSC8705BN 



ADC-ET12BR 

TSC8705CN 



ADC-ET8BC 

TSC8703CJ 



ADC-ET8BM 

TSC8703BL 



ADC-ET8BR 

TSC8703CL 



CD22104AE 

TSC7211AIPL 



CD22105AE 

TSC7211AMIPL 



DS0026CJ-8 

TSC4261JA 

Pin Compatible, Functional Upgrade 


DS0026CN-8 

TSC426CPA 

Pin Compatible, Functional Upgrade 


DS0026J-8 

TSC426MJA 

Pin Compatible, Functional Upgrade 


HLCD7211-2 

TSC7211AIPL 



HLCD7211-4 

TSC7211AMIPL 



ICL7106CJL 

TSC7106CJL 

TSC7106ACPL Has Improved Reference Voltage 


ICL7106CPL 

TSC7106CPL 

TSC7106ACPL Offers Improved Reference Tempco 


ICL7106RCPL 

TSC7106RCPL 

TSC7106ARCPL Offers Improved Reference Tempco 


ICL7107CJL 

TSC7107CJL 

TSC7107ACJL Offers Improved Reference Tempco 


ICL7107CPL 

TSC7107CPL 

TSC7107ACPL Offers Improved Reference Tempco 


ICL7107RCPL 

TSC7107RCPL 

TSC7107ARCPL Offers Improved Reference Tempco 


ICL7109CPL 

TSC7109CPL 

Exact Replacement. TSC7109BCPL For Lower Cost 


ICL7109IJL 

TSC7109IJL 



ICL7109MJL 

TSC7109MJL 



ICL7116CJL 

TSC7116CJL 

TSC7116ACJL Offers Improved Reference Tempco 


ICL7116CPL 

TSC7116CPL 

TSC7116ACPL Offers Improved Reference Tempco 


ICL7117CJL 

TSC7117CJL 

TSC7117ACJL Offers Improved Reference Tempco 


ICL7117CPL 

TSC7117CPL 

TSC7117ACPL Offers Improved Reference Tempco 



5-3 


W TELEDYNE SEMICONDUCTOR 






CMOS Data Acquisition Cross Reference 


All TSC Products Cross-Referenced Are Plug-In Replacements (Cont.) 


Part Number 

TSC Number 

Comments 

ICL7126CJL 

TSC7126CJL 

TSC7126ACJL Offers Improved Reference Tempco 

ICL7126CPL 

TSC7126CPL 

TSC7126ACPL Offers Improved Reference Tempco 

ICL7136CJL 

TSC7126CJL 

TSC7126CJL and TSC7126ACJL Are Plug-In Replacements 

ICL7136CPL 

TSC7126CPL 

TSC7126CPL and TSC7126ACPL Are Plug-In Replacements 

ICL7660CPA 

TSC7650CPA 

TSC900ACPA is a Low-Power Plug-In Upgrade 

ICL7650CPD 

TSC7650CPD 

TSC900ACPD is a Low-Power Plug-In Upgrade 

ICL7650IJA 

TSC7650IJA 

TSC900AIJA Is a Low-Power Plug-In Upgrade 

ICL7650IJD 

TSC7650IJD 

TSC900AIJD is a Low-Power Plug-In Upgrade 

ICL7660CPA 

TSC7660CPA 


ICL7660IJA 

TSC7660IJA 


ICL7660MJA 

TSC7660MJA 


ICL8069CCZR 

TSC9491AJ 


ICL8069CMSQ 

TSC9491AM 


ICL8069DCZR 

TSC9491BJ 


ICL8069DMSQ 

TSC9491BM 


ICM7211AIPL 

TSC7211AIPL 


ICM7211AMIPL 

TSC7211AMIPL 


ICM7212AIJL 

TSC7212AIJL 

TSC700AIJL is a Higher LED Current Upgrade for “Brighter” Displays 

ICM7212AIPL 

TSC7212AIPL 

TSC700AIJL is a Higher LED Current Upgradefor “Brighter” Displays 

ICM7212AMIJL 

TSC7212AMIJL 

TSC700AMIJL is a Higher LED Current Upgrade for “Brighter” Displays 

ICM7212AMIPL 

TSC7212AMIPL 

TSC701AMIJL is a Higher LED Current Upgrade for “Brighter” Displays 

MC14433L 

TSC14433CL 

TSC14433ACL Offers Guaranteed Roll-Over Spec. 

MC14433P 

TSC14433CJ 

TSC14433ACJ Offers Guaranteed Roll-Over Spec. 

MMH0026CP1 

TSC426CPA 

Pin Compatible, Functional Upgrade 

MMH0026CU 

TSC426IJA 

Pin Compatible, Functional Upgrade 

MP5531C 

TSC9495CJ 


MP5532C 

TSC9496CJ 


REF01CP 

TSC9495CJ 


REF02CP 

TSC9495CJ 


TP4780 

TSC9400CJ 


TP4781 

TSC9401CJ 


VFQ-1C 

TSC9400CJ 


VFQ-1R 

TSC900CL 
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TSC829 4 1/2 Digit ADC with LCD Drive and Surface Mount Package . 6-27 
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TSC04/1.2 V 
TSC05/2.5 V 
Band-Gap Reference 


General Description 

The TSC04 (1.2 V Output) and TSC05 (2.5 V Output) bipolar 
two terminal band-gap voltage references offer precision 
performance without a premium price. The TSC04/05 do not 
use thin film resistors. This greatly lowers manufacturing 
complexity and cost. 

A 50 ppm/°C output temperature coefficient and 25 fiA to 
10 mA operating current range make the devices attractive 
multimeter, data acquisition converter, and telecommunica¬ 
tion voltage references 


Typical Application 



Features 


• 50 ppm/°C Temperature Coefficient 

• 25 fxA to 10 mA Operating Current Range 

• 1 a Dynamic Impedance 

• Low Cost TO-92 Plastic Package 

• 1% Output Tolerance 

• 1.2 V (TSC04) and 2.5 V (TSC05) Output Voltage Option 

Applications 



• ADC and DAC Reference 

• Current Source Generation 

• Threshold Detectors 

• Power Supplies 

• Multimeters 


Pin Configuration 



Typical 4 1/2 Digit DVM with LCD Display 


TSC04 


1,2 V 
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TSC170/TSC171 
CMOS Current Mode 
SMPS Controller 
3.8 mA Max. Supply Current 
50 ns Output Rise/Fall Time 
• 500 mA Output Drive 


General Description 

The TSC170/171 bring low power CMOS technology to the 
current mode switching power supply controller market. 
Maximum supply current is 3.8 mA. Bipolar current mode 
control integrated circuits require five times more operating 
current. Low power supply current eliminates auxiliary power 
transformers. In off line powering schemes where a simple 
zener diode circuit provides device supply voltage, power 
dissipation is greatly reduced. CMOS technology decreases 
system cost, increases power efficiency, reduces heat genera¬ 
tion, and increases total system reliability. 

The dual totem pole CMOS outputs drive power MOSFET or 
bipolar transistors. The 50 ns maximum output rise and fall 
times with a 1000 pF capacitive load minimize power MOSFET 
transition power dissipation. Output peak current is 500 mA. 

The TSC170/171 contain a full array of system protection 
circuits. The undervoltage lockout circuit forces outputs OFF 
if the supply voltage drops below 7.0 V. A soft start feature is 
also available. The soft start option forces the PWM outputs to 
initially operate at a minimum duty cycle and low peak output 
current. The TSC170/171 can be directly turned OFF through a 
remote shutdown control pin. The shutdown mode can be 
latched (power must be turned OFF to restart system) or non- 
latched. The soft start feature can also be used in system shut¬ 
down application. Double output pulse suppression guaran¬ 
tees output drive pulses always alternate from one output 
driver to the other. Peak current is adjustable by the user. 

Current mode control lets users parallel power supply mo¬ 
dules. Two or more TSC170/171 controllers can be slaved 
together for parallel operation. Circuits can operate from a 
master TSC170/171 internal oscillator or an external system 
oscillator. 

TheTSC170/171 operate from an 8 V to 16 V power supply. An 
internal 2% 5.1 V reference minimizes external component 
count. The TSC170/171 is pin compatible with the Unitrode 
UC1846/2846/3846 and UC1847/2847/3847 bipolar controllers. 

Other advantages inherent in current mode control include 
superior line and load regulation and automatic symmetry 
correction in push-pull converters. 


Ordering Information 

Part No. 

Package 

Operating 

Temperature 

Range 

TSC170CPE 

8-Pin 
Plastic DIP 

0°Cto 70° C 

TSC170IJE 

8-Pin 

CerDIP 

-25° C to 85° C 


Features 

• Low Supply Current with 

CMOS Technology . 3.8 mA Maximum 

• Current Mode Control 

• Internal Reference . 5.1 V 

• Fast Output Rise/Fall Time (Cl = 1000 pF) .. 50 ns 

• Dual Push-Pull Outputs 

• Direct Power MOSFET Drive 

• High Totem Pole Output Drive. 500 mA 

• Differential Current Sense Amplifier 

• Programmable Current Limit 

• Soft start Operation 

• Double Pulse Suppression 

• Under-Voltage Lockout 

• Wide Supply Voltage Operation. 8 to 16 V 

• High Frequency Operation . 200 kHz 

• Plastic and CerDIP Package 

• Available with Low (TSC170) or High (TSC171) “OFF” 
State Outputs 

• Low Power, Pin Compatible Replacement for 
UC3846/3847 

Pin Configuration 


SOFTSTART 
VrefOUT[T 

(-) CURRENT SENSEnr 

INPUTLi- 
i+lCURRENTSENSErr 
INPUT*— 
(+) ERROR AMP INPUT [T 
(-) ERROR AMP INPUT[T 
COMPENSATION [T 
Co Cl 


IF] SHUTDOWN 

m V|N 

]T] OUTPUT B 

VpD 

Til GND 

TT] OUTPUT A 

Tol SYNCHRONIZATION 

T] Rq 


1_1 

Ordering Information Cont. 

Part No. 

Package 

Operating 

Temperature 

Range 

TSC170MJE 

8-Pin 

CerDIP 

-55° C to 125°C 

TSC171CPE 

8-Pin 
Plastic DIP 

0°C to 70° C 

TSC171IJE 

8-Pin 

CerDIP 

-25° C to 85° C 

TSC171MJE 

8-Pin 

CerDIP 

-55° C to 125°C 

TSC170Y 

Chip 

— 

TSC171Y 

Chip 

— 


©1985 
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CMOS Current Mode 
SMPS Controller 


• 3.8 mA Max. Supply Current 

• 50 ns Output Rise/Fall Time 

TSC170/171 _ • 500 mA Output Drive 


Absolute Maximum Ratings 

Input Voltage (Pin 15). 18 V 

Output Voltage (Pin 13) . .... Vin(18V) 

Analog Inputs (Pins 3, 4, 5, 6, 16) .. -0.3 V to Vin + 0.3 V 

Storage Temperature Range . -65 °C to +150 °C 

Lead Temperature (Soldering, 10 Seconds) . +300 ®C 

Maximum Chip Temperature . 150 ®C 

CerDIP Package Thermal Resistance: 

(Junction to Ambient) . 

(Junction to Case) . 

Plasting Package Thermal Resistance: 

(Junction to Ambient) . 

(Junction to Case) ... 

Operating Temp. Range 

Commercial .. 

....... 105 °C/W 

.60 °C/W 

.140 °C/W 

........ 70°C/W 

. 0®Cto+85°C 





Industrial . 



-25 °etc +85 °C 

Electrical Characteristics: vin = le v, ro = 24 kn,Co = 1 np, ta = 25 “c unless otherwise indicated. 


TYPE 

NO. 

SYMBOL 

PARAMETER 

TEST CONDITION 

TSOI 70/171 

MIN TYP MAX 

UNIT 


1 

Vref 

Output Voltage 

louT = 1 mA 

5.0 

5.1 

5.2 

V 

REFERENCE 

2 

- 

Line Regulation 

Vin = 8 V to 16 V 

- 

5 

15 

mV 

VOLTAGE 

3 


Load Regulation 

lour = 1 mA to 10 mA 

- 

3 

15 

mV 


4 

Vrtc 

Temperature Coefficient 

Over Operating Temp. Range 

- 

0.4 

0.5 

mV/®C 


5 

- 

Initial Frequency 

— 

38 

42 

46 

kHz 

OSCILLATOR 

6 

- 

Voltage Stability 

Vin = 8 V to 16 V 

- 

1.1 

1.5 

o/VV 


7 

- 

Temperature Stability 

Over Operating Temp. Range 

- 

5 

10 

% 


8 

Veos 

Input Offset Voltage 


- 

- 

20 

mV 


9 

Ib 

Input Bias Current 


- 

- 

1 

nA 

ERROR 

10 

VCMRR 

Common-Mode Input Voltage 

Vin = 8 V to 16 V 

0 

- 

VIN-2V 

V 

AMPLIFIER 

11 

Avol 

Open-Loop Voltage Gain 

VouT = 1 V to 6 V 

70 

- 

- 

dB 

12 

BW 

Unity Gain Bandwidth 


- 

1.2 

- 

MHz 


13 

CMRR 

Common-Mode Rejection Ratio 

VcMV = 0 to 14 V 

60 

- 

- 

dB 


14 

PSRR 

Power Supply Rejection Ratio 

Vin = 8 V to 16 V 

60 

- 

- 

dB 

CURRENT 

SENSE 

AMPLIFIER 

15 

- 

Amplifier Gain 

Pin 3 = 0 to 1.1V 

2.5 

3.0 

3.5 

V/V 

16 

— 

Maximum Differential 

Input Signal 

VpiN4 - VpiN3 

1.1 

- 

- 

V 

17 


Common-Mode Input Voltage 


0 

- 

Vin -3 V 

V 

CURRENT 

LIMIT 

18 


Current Limit 

Offset Voltage 


0.5 

- 

1 

V 

ADJUST 

19 


Input Bias Current 


- 

- 

1 

nA 


20 

Vtb 

Threshold Voltage 


0.3 

0.35 

0.4 

V 

SHUTDOWN 

21 


Input Voltage Range 


0 

- 

Vin 

V 

TERMINAL 

22 


Minimum Latching 

Current at Pin 1 


125 

- 

- 

mA 


23 


Maximum Non-Latching 

Current at Pin 1 


- 

- 

50 

)uA 


24 

Vdd 

Output Voltage 

Pin 13 

- 

- 

Vin 

V 


25 

VoL 

Output Low Level 

IsiNK = 20 mA 

- 

- 

0.4 

V 

OUTPUT 

26 

VoL 

Output Low Level 

IsiNK = 100 mA 

- 

- 

2.0 

V 

STAGE 

27 

VOH 

Output High Level 

IsouRCE = 20 mA 

ViN - 1 V 

- 

- 

V 

28 

VOH 

Output High Level 

ISOURCE = 100 mA 

ViN -3.5 V 

- 

- 

V 


29 

tR 

Output Rise Time 

CL = 1000 pF 

- 

50 

150 

ns 


30 

tF 

Output Fall Time 

Cl = 1000 pF 

- 

50 

150 

ns 

UNDERVOLTAGE 

31 


Start-up 

Threshold 

- 

7.7 

8.25 

V 

LOCKOUT 

32 


Threshold Hysteresis 


0.5 

0.75 

1.0 

V 

SUPPLY 

33 

Is 

Standby Supply Current 


- 

2.7 

3.8 

mA 

1. Advance Product Information. 
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CMOS Current Mode 
SMPS Controller 

• 3.8 mA Max. Supply Current 

• 50 ns Output Rise/Fall Time 

• 500 mA Output Drive TSC170/171 


''ref 



Block Diagram 


Peak Current Limit Setup 

Resistors R1 and R2 at the current limit input (Pin 1) set the 
TSC170 peak current limit (Figure 1).The potential at Pin 1 is 
easily calculated: 

V1=Vref - — - 

R1 + R2 

R1 should be selected first. The shutdown circuit feature is 
not latched for (VREF - 0.35)/R1<50 /uA and is latched for 
currents greater than 125 )uA. 

The error amplifier output voltage is clamped from going 
above VI through the limit buffer amplifier. Peak current is 
sensed by RS and amplified by the current amplifier which 
has a fixed gain of 3.0. 

IPCL, the peak current limit, is the current that causes the 
PWM comparator non-inverting input to exceed VI; the 
potential at the inverting input. Once the comparator trip 
point is exceeded both outputs are disabled. 


ICPL is easily calculated: 


1) IPCL = 


VI -.75 V 
3.0 (RS) 


where: 

Dp 

a) V1=REF __ 

R1 + R2 

b) VREF = Internal voltage reference = 5.1 V 

c) 3.0 V = Voltage gain of current sense amplifier 

d) 0.75 V = Current limit offset 

Both driver outputs (Pin 11 and Pin 14) are OFF (low) when 
the peak current limit is exceeded. When the sensed current 
goes below IPCL the circuit operates normally. 
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CMOS Current Mode 
SMPS Controller 

• 3.8 mA Max. Supply Current 

• 50 ns Output Rise/Fall Time 

TSC170/171 • 500 mA Output Drive 



Figure 1: R1 and R2 Set Maximum Peak Output Current 


Output Shutdown 

The TSC170 outputs can be turned off quickly through the 
shutdown input (Pin 16). A signal greater than 350 mV at Pin 
16 forces the shutdown comparator output high. The PWM 
latch is held set disabling the outputs. 

Q2 is also turned on. If VREF/R1 is greater than 125 /jlA, posi¬ 
tive feedback through the lock-up amplifier and Q1 keeps the 
inverting PWM comparator inverting input below 0.75 V. Q3 
remains on even after the shutdown input signal is removed 
because of the positive feedback. The state can be cleared 
only through a power-up cycle. Outputs will be disabled 
whenever the potential at Pin 1 is below 0.75 V. 

The shutdown terminal gives a fast, direct way to disable the 
TSC170 output transistors. System protection and remote 
shutdown applications are possible. 


Soft Restart from Shutdown 

A soft restart can be programmed if non-latched shutdown 
operation is used. 

A capacitor at Pin 1 will cause a gradual increase in potential • 
toward VI. When the voltage at Pin 1 reaches 0.75 V the PWM 
latch set input is removed and the circuit establishes a regu¬ 
lated output voltage. The soft start operation forces the PWM 
output drivers to initially operate with minimum duty cycle 
and low peak currents. 


TELEDYNE SEMICONDUCTOR 
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CMOS Current Mode 
SMPS Controller 

• 3.8 mA Max. Supply Current 

• 50 ns Output Rise/Fall Time 

• 500 mA Output Drive _TSC170/171 


Soft Start Power-Up 

During power-up a capacitor at R1, R2 wiii initiate a soft start 
cycfe. As the input voitage (Pin 15) exceeds the undervoitage 
lockout potential (7.5 V), Q4 is turned off ending undervoi¬ 
tage lockout. Whenever the PWM comparator inverting input 
is below 0.5 V both outputs are disabled. 

When the undervoitage lockout level is passed, the capacitor 
begins to charge. The PWM duty cycle increases until the 
operating output voltage is reached. Soft start operation 
forces the PWM output drivers to initially operate with mini¬ 
mum duty cycle and low peak current. 

Current Sense Amplifier 

The current sense amplifier operates at a fixed gain of 3.25. 
Maximum differential input voltage (Vpin 4 - Vpin 3) is 1.1 V. 
Common-mode input voltage range is 0 V to Vin - 3 V. 

Resistive sensing methods are shown in Figure 2. In Figure 
2A, asimple RCfilter will limit transient voltage spikesatPin4 
caused by external output transistor collector capacitance. 
Transformer coupling In Figure 3 offers Isolation and better 
power efficiency but cost and complexity Increase. 



Figure 2: Resistive Sensing 



Figure 3: Transformer isoiated Current Sense 


Undervoitage Lockout 

The undervoitage lockout circuit forces the TSC170 outputs 
OFF (low) if the supply voltage is below 7.7 V. Threshold 
hysterisis is 0.75 V. Hysterisis guarantees clean, jitter free 
turn-on and turn-off points. The hysterisis also reduces 
capacitive filtering requirements at the PWM controller 
supply Input (Pin 15). 

Circuit Synchronization 

Current mode controlled power supplies can be operated in 
parallel with a common load. Paralleled converters will equally 
share the load current. Voltage mode controllers unequally 
share the load current decreasing system reliability. 

Two or more TSC170 controllers can be slaved together for 
parallel operation. Circuits can operate from a master 
TSC170 internal oscillator with an external driver (Figure 4). 
Devices can also be slaved to an external oscillator (Figure 5). 
Disable internal slave device oscillators by grounding Pin 8. 
Slave controllers derive an oscillator from the bi-directional 
synchronization output signal at Pin 10. 
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CMOS Current Mode 
SMPS Controller 

• 3.8 tnA Max. Supply Current 

• 50 ns Output Rise/Fall Time 

TSC170/171 • 500 mA Output Drive 



Figure 4: Master/Slave Parallel Operation 



Figure 5: External Clock Synchronixatlon 


P^^ 1.27 2800 Co 

[roCo RoCo Co+ 150 

where: Ro = Oscillator Resistor (H) 

Co = Oscillator Capacitor (F) 

Fo = Oscillator Frequency (Hz) 

The oscillator resistor Ro can range from 5 kfl to 50 kO. 

Oscillator capacitor Co can range from 250 pF to 1000 pF. 
Figure 7 shows typical operation for various resistance and 
capacitance values. 

During transitions between the two outputs simultaneous 
conduction is prevented. Oscillator fall time controls the out¬ 
put off or dead time (Figure 6). 

Delay time is approximately; 

- 2000 [Co] 

ID “ - 

1 - 



Oscillator Frequency and 
Output Dead Time 

The oscillator frequency for Ro ^ 24 kO and Co = 1000 pF is: 


Where: Ro = Oscillator Resistor (kO) 

Co “ Oscillator Capacitor (F) 

Td = Output Dead Time (sec.) 

Maximum possible duty cycle is set by the delay time. 
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CMOS Current Mode 
SMPS Controller 

• 3.8 mA Max. Supply Current 

• 50 ns Output Rise/Fall Time 

• 500 mA Output Drive TSC170/171 



Figure 6: TSC170 Oscillator Circuit 

Typical Characteristic Curves 


Output Rise and Fall Time: 



Output Rise and Fall Time: 
Cload = 1800 pF 



Output Rise and Fall Time: 



(Figure 7) 


Oscillator Frequency 
vs Oscillator Resistance 
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TELEDYNE TSC400/401 

SEMIOONDUOTOR 16-Channel and Dual 8-Channel 

Compatible Analog Multiplexers 

• ±15 V Dual Supply or 

py _Single_^pply Operation 

and WR Control Inputs 
• 250 ns WR Pulse Operation 


General Description 

The CMOS TSC400 16-channel and TSC401 8-channel dif¬ 
ferential analog multiplexer feature on-chip channel select 
and control data latches for microprocessor bus interface. 
The latched channel select address and enable inputs re¬ 
move the need for external system “glue” logic. The master 
reset input signal feature clears all latches and turns all 
switches off. A useful feature during power up initialization. 
With chip select (CS) and write (WR) low the datalatches are 
transparent. 


Features 

• Latched Channel Select Inputs 

• Master Reset for Power-Up Initialization 

• 50 ijlA Supply Current 

• ±15 V Supply Operation 

• ±5 V or ±5 V Operation 

• Single or Dual Supply Operation 

• 500 n “ON” Resistance 


Operating from dual or single power supplies the low 50 /xA 
supply current minimizes power dissipation. Analog signal 
range extends to either supply. Switching times guarantee 
break before make operation. 


• 250 ns Write Pulse Operation 

• Break Before Make Operation 

• CHIP SELECT and WRITE Control Inputs 
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Pin Configuration 


vsE 

T-- 

’iF] D-OUTPUT 

CONTROL LL 


Ft] Vs 

Wr[T 


FFI s8 


S16 [T 


FFI S7 


S15[T 


171 S6 


sufT 


IF] S5 

INPI 

S13[T 

UTS 

TSC400 

-1 INPU 

iri S4 


S12 [T_ 


211 S3 


S11 [T 


1F| S2 


sloQF 


IFI SI _ 


S9 [T 


IF] ENABLE 

gnpHTI 


171 AO 


RESET [1? 


IF] A1 


A3 [17 


IF] A2 



_CHANNEL_ 



SELECT 


- 

DB-OUTPUT [T 
RESET [T 
S8B [T 
S7B [T 
S6B [T 
S5B [T 
S4B [T 
S3B [T 
S2B QF 
SIB [17 
GND 


CONTROL WR [jT 
"^PUTS CS QT 


BCHANNEL 
INPUTS 


A CHANNEL 
INPUTS 


li] DA-OUTPUT 

ii] Vs_ 

^ S8A 
lil S7A 
IT] S6A 
23l S5A 
tTI S4A 
TT) S3A 
To] S2A 

li] S1A_ 

lil ENABLE 

CHANNEL 
IF] A1 SELECT 

IF] A2 I 
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TELEDYNE TSC429 

SEMICONDUCTOR » High Speed Single CMOS 

Power MOSFET Driver 

^ • 25 ns Rise/Fall Time 

V® with Cl = 2500 pF 

y(^® • 3.5 A Peak Drive Current 

• 2.5 n Output Resistance 


General Description 

The TSC429 is a single high speed CMOS level translator and 
driver. Designed specifically to drive highly capacitive power 
MOSFET gates, the TSC429 features a 2.5 n output impe¬ 
dance and 3.5 A peak output current drive. 

A 2500 pF capacitive load will be driven 18 V in 25 ns. Delay 
time through the device is 25 ns. The rapid switching times 
with large capacitive loads minimize power MOSFET transi¬ 
tion power loss. 

A TTL/CMOS input logic level is translated into an output 
voltage swing that equals the supply. The output will swing to 
within 25 mV of ground or Vs. Input voltage swing may equal 
the supply. Logic input current is under 1 /uA making direct 
interface to CMOS/Bipolar switch mode power supply con¬ 
trollers easy. Input “speed-up" capacitors are not required. 

The CMOS design minimizes quiescent power supply current. 
With a logic 1 input, power supply current is 5 mA maximum 
and decreases to 0.5 mA for logic 0 inputs. 

For dual devices see the TSC426/427/428 product data sheet. 


Applications 

• Switch Mode Power Supplies 

• CCD Drivers 

• Pulse Transformer Drive 

• Class D Switching Amplifiers 


Pin Configuration 



• 


INPUT fz" 
NcfT 
gnd[T 

TSC429 

TIoutput 

~6~l0UTPUT 

TIgnd 

NC = NO INTERNAL CONNECTION 


Features 


• Wide Operating Range .4.5 V to 18 V 

• High Impedance CMOS Logic Input 

• Logic Input Threshold Independent of Supply Voltage 

• Low Supply Current 

— 5 mA Maximum with Logic 1 Input 

— 0.5 mA Maximum with Logic 0 Input 

• Output Voltage Swing Within 25 mV of Ground or Vs. 

• Low Delay Time . 25 ns 

• High Capacitive Load Drive Capability 

— tRisE, tFALL = 25 ns with Cload = 2500 pF 

• Single +5 V Supply Operation 



Typical Application 
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^ 0 ^ TELEDYNE TSC4417442/443 

SEMICONDUCTOR re M-Pfocessor Compatible 

<\ CMOS Analog Switches 
• Data Latches 
• Low Power CMOS 
• 200 ns Write Pulse Operation 


General Description 

The TSC441, TSC442, and TSC443 are quad SPST analog 
switches with data address latches. The pin out matches the 
“201” analog switch configura tion. Pin 12, which is unused 
on the 201, is the write enable (WR) input. With WR tied low 
the data address latch is transparent. 


Features 

• Data Address Latch On-Chip 

• Latch Transparent with WR = 0 

• < 250 ns Write Pulse Operation 

• < 50 ns Address Hold Time 


The family features single or dual power supply operation 
with analog input voltage range equal to the supply voltage. 
Power supply current is a low 300 jjlA. 

The TSC441/442 have opposite input logic polarity. The 
TSC443, with two normally open and two normally closed 
switches, can be configured as a quad SPST, dual SPOT, 
DPDT or dual DPST switch. 

For devices pin compatible with the AD7590/7591/7592 see 
the TSC444/445/456 specifications. 


Timing Diagram 


ADDRESS 




ADDRESS VALID ^ 


WR 


- ^ 

^ 


_ 

-*DSW-► 

‘DHW 


'WW' <250 ns 

*DSW- <250 ns 


• Dual ±5 V or Single +5 to +15 V Supply Operation 

• 300 juA Supply Current 

• 120 n ON Resistance 

• 1 nA Analog Input Leakage Current 

• Analog Signal Range Equal to Supply Voltage 

• TTL/CMOS Compatible, Low Current Logic Input 

• TSC441: Pin Compatible to DG221 

• “201” Pin Out Compatible (Pin 12 = WRITE ENABLE) 

• TSC443: SPST, SPOT, DPDT, DPST Configuration 


Truth Table 


An 

WR* 

TSC441 
Switch State 

TSC442 
Switch State 

TSC443 
Switch State 

0 

0 

Closed 

Open 

SW1, SW2, Open 
SW3, SW4, Closed 

1 

0 

Open 

Closed 

SW1,SW2, Closed 
SW3, SW4, Open 

X 

1 

Maintains 

Previous 

State 

Maintains 

Previous 

State 

Maintains 

Previous 

State 


* WR Input is Level Sensitive, X = Don’t Care 


Pin Configuration 
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TELEDYNE TSC444/445/446 

SEMICONDUCTOR » ^-Processor Bus Compatible 

V CMOS Quad Analog Switches 

Latches 
Power CMOS 
• 200 ns Write Pulse Operation 


General Description 

The TSC444, TSC445, and TSC446 //-processor compatible 
analog switch family combine four analog switches with a 
data address latch. Quad SPST devices (445/446) and dual 
SPOT (444) devices feature 120 O ON resistance and 1 nA 
analog input leakage currents. Analog input signal range 
extends to the power supply rails. A low 300 //A supply cur- 
rentand singleordual supply operation make the family ideal 
for battery operated systems. Break before make operation is 
guaranteed. Input logic signals are TTL/CMOS compatible. 


Features 

• Data Address Latch On-Chip 

• Latch Transparent with WR = 0 

• SPST and SPOT Options 

• Dual ±5 V Supply Operation 

• Single +5 V to +15 V Supply Operation 

• 300 nA Supply Current 

• 120 n ON Resistance 



Truth Table 





TSC444 

Switch State 

DISABLE* 


A1 or A2 

0 

X 

X 

All Switches Open 

1 

0 

1 

SI to Outi Closed 

S3 to Out2 Closed 

1 

0 

0 

S2 to Outi Closed 

S4 to Out2 Closed 

1 

1 

X 

Maintains Previous 
State 


* WR and DISABLE Inputs are Level Sensitive, X = Don’t Care 


Truth Table 


An 

WR* 

TSC445 

Switch 

State 

TSC446 

Switch 

State 

0 

0 

Open 

Closed 

1 

0 

Closed 

Open 

X 

. Maintains 

Previous State 

Maintains 
Previous State 

* WR Input 

is Level Sensitive, X = Don’t Care 

Timing Diagram 




ADDRESS 




^ ADDRESS VALID ^ 


WR 





_ 

-*DSW-► 

^DHW 



/ - 

/ ^DHW- 

%W' <250 ns 

*DSW' ”^250 ns 


• 1 nA Analog Input Leakage Current 

• < 250 ns Write Pulse Operation 

• < 50 ns Address Hold Time 

• TTL/CMOS Compatible, Low Current Logic Input 

• Analog Signal Range Equal to Supply Voltage 

• TSC445 Pin Compatible to AD7590 

• TSC446 Pin Compatible to AD7591 

• TSC444 Pin Compatible to AD7592 


Pin Configuration 
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TSC447 
)u-Processor Compatible 
Quad CMOS Analog Switch 
<(v • Data Latch 

• Two Normally ON and 
Two Normally OFF Switches 
+15 V, ±5 V, +5 V Operation 


General Description 

The TSC447 )u-processor compatible analog switch contains 
four analog switches with a data address latch. Two devices 
are normally ON and two normally OFF. Analog input signal 
range extends to the power supply rails. Input leakage cur¬ 
rent is a low 1 nA. The 300 /xA supply current and single or 
dual supply operation make the TSC447 ideal for battery 
operated systems. The TSC447 operates with +15 V, ±5 V or a 
single +5 V supply. 

Break before make operation is guaranteed. The TSC447 can 
be connected as a latched Quad SPST, Dual SPOT, DPDT or 
Dual DPST analog switch. Input logic signals are TTL/CMOS 
compatible. 


Appiication Configurations 



ADDRESS INPUTS (A|y,) = 0 (LATCHES NOT SHOWN) 


Features 


• Data Address Latch On-Chip 

• Latch Transparent with WR = 0 

• Two Normally Open and Two Normally Closed Switches 

• Dual ±5 V or +15 V Supply Operation 

• Single +5 V to +15 V Supply Operation 

• 300 mA Supply Current 

• 120 n On Resistance 

• 1 nA Analog Input Leakage Current 

• <250 ns Write Pulse Operation 

• <50 ns Address Hold Time 

• TTL/CMOS Compatible, Low Current Logic Input 

• Analog Signal Range Equal to Supply Voltage 
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TSC447 Truth Table 


An 

WR* 

Switch 

1 & 4 

State 

Switch 

2&3 

State 

• 0 

0 

Open 

Closed 

1 

0 

Closed 

Open 



Maintains 

Maintains 

X 

1 

Previous 

Previous 



State 

State 

WR* Input is Level Sensitive 


Pin Configuration 



QI 

GND \T 
A1 [T 

"Q-fi 

T 
C 


A3 [T 
A4 ri" —j-H 


WR [T —[ 


^]i]si 
/\— Tb] di 


C ^S2 
~T31d2 

□ J2]S3 
^D3 

^ \ r~]3s4 
L.T|d4 

TSC447 -' 


SWITCHES SHOWN FOR Am = 0 
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TSC827 
1% ADC with LCD 
Bar-Graph Drive 
• Two Selectable Set Points 

• 10-Bit Serial Data Output 

• 20 mW Power Dissipation 


General Description 

The TSC827 is a complete integrating analog-to-digital con¬ 
verter with triplex liquid crystal (LCD) display drive. A 101 
element LCD bar-graph directly connects to the TSC827. 

Two user selected set points can be programmed and dis¬ 
played. LCD annunciators distinguish between set points. 
Set point annunciators are activated when a set point has 
been reached. An input overrange LCD annunciator is also 
present. Set point and overrange logic outputs are provided 
for control applications. 

A 10-bit serial output with clock allows data to be transmitted 
at 0.1% resolution to a remote computer or display. 

Operating from ±5 V supplies, the CMOS TSC827 dissipates 
only 20 mW. Included on-chip is a precision 75ppm/®C low 
drift voltage reference. The differential inputs accept 40 mV 
to 2.0 V input signals. The TSC827 is available in a compact 
60-pin flat package. For a 2.5% resolution ADC with bar- 
graph output see the TSC826 data sheet. 


Features 

• 1% LCD Bar-Graph Readout 

— Triplex LCD Display 

— 101 Data Segments 

— Overrange and Set Point Annunciators 

• Two Selectable Set Points 

• Low and High Set Point and O^errange Logic Output 
Signals 

• Differential Analog Input 

• Differential Reference for Ratiometric Measurements 

• 40 mV to 2.0 V Full-Scale 

• 10-Bit Serial Data Output 

• ±5 V Supply Operation 

• 20 mW Power Dissipation 

• Compact 60-Pin Flat Package 



Block Diagram 


DIFFERENTIAL 

ANALOG 

INPUT 


DIFFERENTIAL 

REFERENCE 

INPUT 



RESOLUTION 
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TSC829 
4 1/2 Digit ADC 
with LCD Drive 
• Continuity Audio Signal 
• 10 //V Resolution 
• 10 mW Power Dissipation 


General Description 


Features 


The CMOS TSC829 combines a precision 4 1/2 digit ADC, 
and triplex LCD display drive circuit in a single low power 
CMOS chip. The TSC829 offers several functional enhance¬ 
ments over the first generation ICL7129 converter. An audio 
frequency continuity buzzer signal is generated on-chip 
along with the continuity logic output signal. The TSC829 
eliminates the external audio signal generator and piezo¬ 
electric driver needed in 7129 based systems. More compact 
and less costly systems result. The 60-pin flat package also 
allows the complicated dual function 7129 input/output con¬ 
trol pins to be replaced by easy to use single function pins. 

By using the UP/DOWN, SIGN, X10 and conversion count 
out logic signals the data can be transferred to a micro¬ 
processor. 


Pin Configuration 


NC 

CONTINUITY rr: 
BUZZER liL 

NC 
RANGE 
xiolo 
COUNTOUT [si 
DP2 ^ 
DPI (53 
OSC2 [54 
OSC1 
OSC3 

UP/DOWN ^ 


o - £ i ♦ 2 S 

Q -> I _ O uTullSi- 

Z a. u. X _i U.UJUJSZ 

G2KZ£Z^2^ZttOU 88 


NC [eoj n 

iiriiTTnTinini^^ 


^ INT OUT 
^ INT IN 
28] 

27] NC 
2^ Vs 
END OF 
^ CONVERSI 
13 LATCH 
23] UR 
22] DP3 
21] OR 
DP4 
19] SIGN 
is] VDISP 

iz] 

is] NC 


S 


^ U ^ 

St s a i 8 E3- s s s 

i 9 a 8 9 c S 3 t 


• Triplex LCD Display Drive On-Chip 

• Control Signals and Data Output for/^-Processor Interface 


• Audio Frequency “Buzzer” Signal and Driver for Piezo¬ 
electric Continuity Transducer 

• On-Chip Low Battery Detector and LCD Annunciator 
Driver 
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• On-Chip Continuity Detection and LCD Annunciator 
Driver 

• Easy to Use Single Function DP4, OR, UR, DP3, LATCH 
and EOC Input/Output Control Pins 

• 4 1/2 Digit Resolution 

• 10 to 1 Digitally Controlled Full-Scale Range Selection 

• Simple 1 V Reference for 200 mV or 2 V Full-Scale Range 

• 10 iuV Resolution on 200 mV Full-Scale Range 


4 1/2 Digit Converter Comparison 


FUNCTION 

TSC829 

GE/INTERSIL 

ICL7129 

On-Chip 

Audio Frequency Continuity 
“Buzzer” Drive Signal 

Yes 

No 

Simple, Easy to Use 

Decimal Point, Underrange, 
Overrange, Latch and End 

Of Conversion 

Input/Output 

Control Pins 

Yes: Each 
Control 
Input/Output 
Function Has 
Separate Pin 

No: Control Pins 
Are Multiplexed 
And Serve 
Dual Functions 

Compact 60-Pin Surface 

Mount Flat Package 

Yes 

No 

Access to Internal Data 

Count Registers for 
/^-Processor Interface 

Yes 

No 
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TSC913 
Dual Auto-Zeroed 
Operational Amplifier 
• 15 )uV Offset Voltage 
• 650 )uA Supply Current 
No External Capacitors Required 


General Description 

The TSC913 is the world’s first complete monolithic dual 
auto-zeroed operational amplifier. The TSC913 sets a new 
standard for low power precision dual operational amplifiers. 
Chopper-stabilized or auto-zeroed amplifiers offer low offset 
voltage errors by periodically sampling offset error and stor¬ 
ing correction voltages on capacitors. Previous single ampli¬ 
fier designs required two user supplied external 0.1 /uF error 
storage correction capacitors — much too large for on-chip 
integration. The unique TSC913 architecture requires 
smaller capacitors making on-chip integration possible. 
Microvolt offset levels are achieved and External Capacitors 
Are Not Required. 

The TSC913 system benefits are apparent when contrasted 
with a 7650 chopper amplifier circuit implementation. A sin¬ 
gle TSC913 replaces two 7650s and four capacitors. Five 
components and assembly steps are eliminated. 

The TSC913 pinout matches many popular dual operational 
amplifiers. The OP04, TLC322, LM358, and ICL7621 are typi¬ 
cal examples. In many applications operating from dual five 
volt power supplies or single supplies, the TSC913 offers 
superior electrical performance and can be a functional, 
drop-in replacement. Printed circuit board rework is not 
necessary. The TSC913 low offset voltage error eliminates 
offset voltage trim potentiometers often needed with bipolar 
and low accuracy CMOS operational amplifiers. 

The TSC913 takes full advantage of Teledyne’s proprietary 
CMOS technology. The TSC913 650 /uA supply current 
(250 fiA per amplifier) makes the TSC913 the lowest power, 
precision dual operational amplifier available. The 250 
microampere amplifier supply current does not compromise 
AC performance. Unity gain bandwidth is 1.5 MHz and slew 
rate is 2.5 V/jus. 

For single and quad operational amplifiers see the TSC911 
and TSC914 data sheets. 


Features 


• First Monolithic Dual Auto-Zeroed Operational Amplifier 

• Chopper Amplifier Performance Without External 
Capacitors 

— 15 /iV Vos Maximum 

— 0.15 mV/®C Vos Drift Maximum 

— Saves Cost/Assembly of Four “Chopper” Capacitors 



• High DC Gain . 120 dB 

• Low Supply Current . 650 /uA 


• Low Input 

Voltage Noise (0.1 to 10 Hz) .0.65 mVp-p 

• Wide Common-Mode Voltage Range_ Vi to Vs -2 V 

• High Common-Mode Rejection . 116 dB 

• Dual or Single Supply Operation . ±3 V to ±8 V 

+4.5 V to+16 V 


• Excellent AC Operating Characteristics 

— 2.5 V/)us Slew Rate 

— 1.5 MHz Unity Gain Bandwidth 

• Pin Compatible to LM358, OP14, MC1458, ICL7621, 
TL082, TLC322 


Pin Configuration 



Pat. Pending 
©1985 
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Dual Auto-Zeroed 
Operational Amplifier 
• 15 juV Offset Voltage 
• 650 |uA Supply Current 

TSC913 _ •No External Capacitors Required 


Absolute Maximum Ratings 

Total Supply Voltage (Vs to Vi) ... 18 Volts 

Input Voltage . (Vs + 0.3) to (Vi - 0.3) Volts 

Storage Temp. Range . -55 °C to 150 °C 

Lead Temperature (Soldering, 10 sec) ... 300 ®C 

Current into Any Pin . 10 mA 


Operating Temp. Range 

I Device . -25 ° C to+85 ® C 

C Device. 0 °C to +70 °C 

Package Power Dissipation (Ta = 25 °C) 

CerDIP Package ... 500 mW 

Plastic Package ... 375 mW 


Electrical Characteristics: Vs = ±5, Ta = 25°C unless otherwise indicated. 


NO. 

SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

TSC913A 

TYP MAX 

MIN 

TSC913B 

TYP MAX 

UNIT 

1 

Vos 

Input Offset Voltage 

Ta = 25‘’C 

- 

5 

15 

- 

15 

30 

mV 

2 

Vos/T 

Average Temperature 
Coefficient of Input 

Offset Voltage 

0°C<Ta<70°C 

-25°C<Ta<85“C 

- 

0.05 

0.05 

0.15 

0.15 

- 

- 

0.25 

0.25 

)uV/“C 

)uV/®C 

3 

Ib 

Average Input 

Bias Current 

Ta = 25°C 

0°C<Ta<70°C 

-25°C<Ta<85°C 

- 

- 

90 

3 

4 

- 

- 

120 

4 

6 

pA 

nA 

nA 

4 

los 

Average Input 

Offset Current 

- 

5 

20 

- 

10 

40 

pA 

5 

en 

Input Voltage 

Noise 

0.1 to 1.0 Hz, Rs< 100 n 

- 

0.6 

- 

- 

0.6 

- 

)uVp-p 

6 

en 

Input Voltage 

Noise 

0.1 to 10 Hz, Rs< 100 n 

- 

11 

- 

- 

11 

- 

/uVp-P 

7 

CMRR 

Common-Mode 

Rejection Ratio 

Vi<VcM < Vs-2.2 V 

110 

116 

- 

100 

110 

- 

dB 

8 

CMVR 

Common-Mode 

Voltage Range 


Vi 


Vs -2.0 

vi 

- 

Vs -2.0 

V 

9 

Aol 

Open-Loop 

Voltage Gain 

Rl = 10 kn, Vo = ±4 V 

115 

120 

- 

110 

120 

- 

dB 

10 

VouT 

Output Voltage 

Swing 

RL = 10kn 

Vi + .3 V 

- 

Vs -.9 V 

vi + .3 V 

- 

Vs -.9 V 

V 

11 

BW 

Closed Loop 

Bandwidth 

Closed Loop Gain = +1 

- 

1.5 

- 

- 

1.5 

- 

MHz 

12 

SR 

Slew Rate 

RL = 10kn, Cl = 50 pf 

- 

2.5 

- 

- 

2.5 

- 

Vfixs 

13 

PSRR 

Power Supply 

Rejection 

±3.3 < Vs < ± 5.5 V 

110 

- 

- 

100 

- 

- 

dB 

14 

Vs 

Operating Supply 

Voltage 


±3 V 


±8 V 

±3 V 

_ 

±8 V 

V 



Range (Note 3) 









15 

Is 

Quiescent Supply Current 
(Both Amplifiers) 

Vs = ±5 V 

- 

0.65 

0.85 


- 

1.1 

mA 


Notes: 


1. Static Sensitive Device. Unused devices shouid be stored in conductive 
materiai. 

2. Stresses above those listed under "Absolute Maximum Ratings” may cause 
permanent damage to the devices, These are stress ratings oniy and func- 
tionai operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications is not implied. 

3. Single Supply Operation: Vs = +4.5 V to +16 V. 

4. Advance product Information. 
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TSC914 
Quad Auto-Zeroed 
Operational Amplifier 
• 15 /iV Offset Voltage 
• 1.5 mA Supply Current 


• No External Capacitors Required 


General Description 

The TSC914 is the world’s first complete monolithic quad 
auto-zeroed operational amplifier. The TSC914 sets a new 
standard for low power precision quad operational amplifiers. 
Chopper-stabilized or auto-zeroed amplifiers offer low offset 
voltage errors by periodically sampling offset error and storing 
correction voltages on capacitors. Previous single amplifier 
designs required two user supplied external 0.1 fxF error stor¬ 
age correction capacitors — much too large for on-chip inte¬ 
gration. The unique TSC914 architecture requires smaller 
capacitors making on-chip integration possible. Microvolt 
offset levels are achieved and External Capacitors Are Not 
Required. 

The TSC914 system benefits are apparent when contrasted 
with a 7650 chopper amplifier circuit implementation. A single 
TSC914 replaces four 7650s and eight capacitors. Eleven 
components and assembly steps are eliminated. 

The TSC914 pinout matches many popular quad operational 
amplifiers. The OP11, TLC274, LTC1014, LM348,and ICL7642/ 
41 are typical examples. In many applications operating from 
dual five volt power supplies or single supplies, the TSC914 
offers superior electrical performance and can be a functional, 
drop-in replacement. Printed circuit board rework is not 
necessary. The TSC914 low offset voltage error eliminates 
offset voltage trim potentiometers often needed with bipolar 
and low accuracy CMOS operational amplifiers. 

The TSC914 takes full advantage of Teledyne’s proprietary 
CMOS technology. The TSC914 1.5 mA supply current (250 
mA per amplifier) makes the TSC914 the lowest power, preci¬ 
sion quad operational amplifier available. The 250 microam¬ 
pere amplifier supply current does not compromise AC per¬ 
formance. Unity gain bandwidth is 1.5 MHz and slew rate is 
2.5 V/ms. 

For single and dual operational amplifiers see the TSC911 and 
TSC913 data sheets. 


Features 


• First Monolithic Quad Auto-Zeroed Operational Amplifier 


• Chopper Amplifier Performance Without External 
Capacitors 

— 15 mV Vos 

— 0.15 mV/°C Vos Drift 

— Saves Cost/Assembly of Eight “Chopper” Capacitors 
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• High DC Gain 


110 dB 


• Low Supply Current . 1.5 mA 

• Wide Common-Mode Voltage Range _ Vs to Vs -2 V 


• High Common-Mode Rejection . 110 dB 

• Dual or Single Supply Operation .±3 V to ±8 V 


+4.5 V to +16 V 


• Excellent AC Operating Characteristics 

2.5 V/ms Slew Rate 
— 1.5 MHz Unity Gain Bandwidth 

• Pin Compatible to LM348, TLC274, LM324, OP11, 
ICL7641/42 


Pin Configuration 


OUTA 

-INA 

+INA 

vj 

+INB 

-INB 

OUTB 
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Quad Auto-Zeroed 
Operational Amplifier 
• 15 mV Offset Voltage 
• 1.5 mA Supply Current 

TSC914 • No External Capacitors Required 


Absolute Maximum Ratings 

Total Supply Voltage (Vs to Vi) .18 Volts 

Input Voltage . (Vs + 0.3) to (Vi - 0.3) Volts 

Storage Temp. Range . -55 °C to 150 ®C 

Lead Temperature (Soldering, 10 sec) . 300 ®C 

Current into Any Pin .. 10 mA 


Operating Temp. Range 

I Device .. -25®Cto+85®C 

C Device. 0 ®C to +70 ®C 

Package Power Dissipation (Ta = 25 °C) 

CerDIP Package .. 500 mW 

Plastic Package . 375 mW 


Electrical Characteristics: Vs = ±5, Ta = 25®C unless otherwise indicated. 


NO. 

SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

TSC914A 

TYP MAX 

MIN 

TSC914B 

TYP MAX 

UNIT 

1 

Vos 

Input Offset Voltage 

Ta = 25°C 

- 

5 

15 

- 

15 

30 

mV 

2 

Vos/T 

Average Temperature 
Coefficient of input 
Offset Voltage 

0°C<Ta<70®C 

-25°C<Ta<85°C 

- 

0.05 

0.05 

0.15 

0.15 


- 

0.25 

0.25 

iuV/®C 

)uV/®C 

3 

Ib 

Average Input 

Bias Current 

Ta = 25°C 

0®C<Ta<70°C 

-25®C<Ta<85®C 



90 

3 

4 

~ 

- 

120 

4 

6 

< < < 
Q. C C 

4 

los 

Average Input 

Offset Current 

- 

5 

20 

- 

10 

40 

pA 

5 

en 

Input Voltage 

Noise 

0.1 to 1.0 Hz, Rs < 100 a 

- 

0.6 


~ 

0.6 

- 

juVp-P 

6 

en 

Input Voltage 

Noise 

0.1 to 10 Hz, Rs < 100 n 

- 

11 

- 

- 

11 

- 

(uVp-P 

7 

CMRR 

Common-Mode 
Rejection Ratio 

vi < VcM < Vs - 2.2 V 

110 

116 

- 

100 

110 

- 

dB 

8 

CMVR 

Common-Mode 

Voltage Range 


vi 

- 

Vs -2.0 

Vi 

- 

Vs -2.0 

V 

9 

Aol 

Open-Loop 

Voltage Gain 

Rl = 10 ka Vo = ±4 V 

115 

120 

- 

110 

120 

- 

dB 

10 

VOUT 

Output Voltage 

Swing 

Rl = 10 kO 

vi + .3 v 

- 

Vs -.9 V 

vi + .3 V 

- 

Vs -.9 V 

V 

11 

BW 

Closed Loop 

Bandwidth 

Closed Loop Gain = +1 

- 

1.5 

- 

- 

1.5 

- 

MHz 

12 

SR 

Slew Rate 

Rl = 10 ka Cl = 50 pf 

- 

2.5 

- 

- 

2.5 

- 

V/mS 

13 

PSRR 

Power Supply 

Rejection 

±3.3 < Vs < ± 5.5 V 

110 

- 

~ 

100 

- 

- 

dB 

14 

Vs 

Operating Supply 
Voltage 

Range (Note 3) 


±3 V 

- 

±8 V 

±3 V 

- 

±8 V 

V 

15 

Is 

Quiescent 

Supply Current 
(Four Amplifiers) 

Vs = ±5 V 

- 

- 

1.6 

- 

- 

2.2 

mA 


Notes; 


1. Static Sensitive Device. Unused devices should be stored in conductive 
material. 

2. Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the devices. These are stress ratings only and func¬ 
tional operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications is not implied. 

3. Single Supply Operation: Vs = +4.5 V to +16 V. 

4. Advance product information. 
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TSC4201/4202/4203 
Low Cost CMOS Quad 
A ^ Analog Switches 

• 300)uA Supply Current 

• 1 nA Leakage Current 
• Single +5 V Supply Operation 


General Description 

The TSC4201, TSC4202 and TSC4203 are low leakage, low 
power CMOS quad SPST analog switches. Pin out matches 
the “201” analog switch configuration. 

The TSC4201 and TSC4202 have opposite input logic polarity. 
The TSC4203, with two normally open and two normally 
closed switches, can be configured as a quad SPST, dual 
SPOT, DPDT, or dual DPST switch. 

The family features single or dual power supply. Single +5 to 
+15 V or ±5 V operation is possible. Analog input voltage range 
equals the supply voltage. Power supply current is a low 
300 //A. Leakage currents are a low 1 nA. 

For devices with address data latches, see the TSC441, 
TSC442, and TSC443 product specifications. 


Features 


• 300 fiA Supply Current 

• 120 n ON Resistance 

• Low Input Leakage Current . 1 nA 

• Dual ±5 V or Single +5 to +15 V Supply Operation 

• Analog Signal Range Equal to Supply Voltage 

• TTL/CMOS Compatible Low Current Logic Input 

• TSC4201: Pin Compatible to DG201 

• TSC4202: Pin Compatible to DG202 

• TSC4203: SPST, SPOT, DPST Configuration 
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Truth Table 


An 

TSC4201 

TSC4202 

TSC4203 

Switch State 

Switch State 

Switch State 

0 

Closed 

Open 

SW1, SW2, Open 
SW3, SW4, Closed 

1 

Open 

Closed 

SW1, SW2, Closed 
SW3, SW4, Open 


Pin Configuration 





AN = 0, NC = No Internal Connection 
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TSC7129 
4 1/2 Digit ADC with Triplex 
LCD Display Drive 
• Single Chip 
• 10 AiV Resolution 
• Low Battery Detection 


General Description 

The TSC7129 4 1/2digitsinglechipanalog-to-digital conver¬ 
ter directly drives multiplexed liquid crystal displays. Exter¬ 
nal LCD drivers for decimal point, low battery, continuity, 
and polarity annunciators are not required. On-chip low 
battery detection, analog continuity adn 10 to 1 digital range 
change circuits eliminate external active components. 
Underrange and overrange outputs make autorange instru¬ 
ments possible. 

Operating form conventional 9 V batteries or the compact 
VR22 9 V cell supply current is below 1 mA. With twelve ex¬ 
ternal resistors/capacitors, 120 kHz crystal, TSC9491 band- 
gap reference, and LCD display a precision low cost 0.005% 
resolution instrument can be constructed. 

For a compact surface mounted single chip 4 1/2 digit ADC 
see the TSC829 data sheet. 


Pin Configuration 


DISPLAY 

OUTPUT 

LINES 


B1, Cl, CONT 
A1, G1, D1 
F1, El, DPI 
B2, C2, LO BATT 
A2, G2, D2 
F2, E2, DP2 
B3, C3, MINUS 
A3, G3, D3 
F3, E3, DP3 
B4, C4, BC5 
A4, D4, G4 
F4, E4, DP4 


) DIFFERENTIAL 


"'•"I DIFFERENTIAL 

IM 1 o ANALOG INPUT 



LATCH/HOLD 

DP3/UR 


Features 

• Singie Chip 4 1/2 Digit ADC 

• ± 19,999 Count Resolution 

• Triplex LCD Display Drive 

— Decimal Point, Low Battery Continuity and Polarity 
LCD Annunciators 

• Low Battery Detection and LCD Annunciator 

• Fast Analog Continuity Detection 

• Differntial Reference and Signal Input 

• 10 mW Power Dissipation 

• Overrange/Underrange Outputs 

• Digital Range Select 

— 200 mV or 2 V Full-Scale 

• Direct ICL7129 Replacement 



Typical Configuration 
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'7^ TELEDYNE TSC7136A 

SEMICONDUCTOR « Low Powers 1/2 Digit ADC 

a with LCD Drive 

py • Fast Overioad Recovery 




VC' 


Low Drift internal Reference 
< 1 mW Power Dissipation 


General Description 

The TSC7136Aisa lowpowerS 1/2 Digit LCD display analog- 
to-digital converter. An improved internal zener reference 
voltage circuit reduces analog common temperature drift to 
35 ppm/° C typically. This represents a 2 to 4 times improve¬ 
ment over similar 3 1/2 digit converters. 

An integrator zero cycle eliminates overload recovery 
hangup. The auto-zero cycle guarantees a zero display read¬ 
ing for zero volt input. 

The TSC7136A limits linearity error to less than 1 count on 
200 mV or 2 V full-scale ranges. Rollover error (the difference 
in readings for equal magnitude but opposite polarity input 
signals) is below 1 count. High impedance differential inputs 
offer 1 pA leakage currents and a 1012 n input impedance. 
Ratiometric measurements for ohms or bridge transducer 
measurements are easy with the differential reference input. 
The low noise performance guarantees a “rock solid” reading. 

The TSC7136A dual slope conversion technique rejects in¬ 
terference signals when the converter integration period 
equals a multiple of the interference signal period. This is 
especially useful in industrial measurement environments 
where 50, 60 and 400 Hz line frequency signals are present. 

The single chip CMOS TSC7136A incorporates all the active 
devices for a 31/2digitanalog-to-digital converter to directly 
drive an LCD display. The internal oscillator, precision vol- 


Features 


• Fast Recovery from Overrange Input Signals 

• Internal Reference With Low 

Temperature Drift .35 ppm/°C Typical 

75 ppm/°C Maximum 

• Guaranteed Zero Reading With Zero Input 

• Low Noise. 15 /xVp-p 

• High Resolution (0.05%) and Wide Dynamic Range (72 dB) 

• Low Input Leakage Current . 1 pA Typical 

10 pA Maximum 

• Direct LCD Drive — No External Components 

• Precision Null Detection With True Polarity at Zero 

• High Impedance Differential Input 

• Convenient 9 V Battery Operation With 

Low Power Dissipation . 900 mW Maximum 

• Internal Olock Oircuit 

• Improved Drop-In Replacement For ICL7136 with Low 
Analog Common Temperature Coefficient 

• Industrial Temperature Range Device Available 

• Available in Compact Flat Package 
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tage reference and display segment/backplane drivers sim¬ 
plify system integration, reduce board space requirements 
and lower total cost. A low cost, 0.05% resolution indicating 
meter requires oniy a display, four resistors, four capacitors 
and a 9 V battery. A flat package option eases the mechanical 
design of low cost, hand held multimeters. 


Typical Application 


Pin Configuration 



v+ 

“di[ 

C1[ 

BiC 

A1C 

FiC 

Q1[ 

D2[ 
C2 [ 
i2[ 
A2[ 
F2[ 
_E2[ 
D3 [ 
B3 [ 


I F3[ 

“C 

lOO'S “ AB4 [ 

POL [_ 

(MINUS SIGN) ’ 


TSC7138A 



NOTE; REVERSE PIN OUT ALSO 
AVAILABLE 
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Display Analog-to-Digital 
Converters 










Section 7 

Display A/D Converters. 7-3 

TSC500 Analog Processor for Microprocessor-Based A/D Converters. 7-5 

TSC805 3 1/2 Digit Auto-Ranging A/D Converter . 7-7 

TSC815 3 1/2 Digit Auto-Ranging A/D Converter with Display Hold. 7-25 

TSC826 A/D Converter with Bar-Graph Display Output . 7-43 

TSC7106/V7107A 3 1/2 Digit A/D Converter with Low Drift Reference. 7-55 

TSC7106/7107 3 1/2 Digit A/D Converter . 7-73 

TSC7116A/7117A 3 1/2 Digit A/D Converter with Low Drift Reference and Display Hold . 7-85 

TSC7116/7117 3 1/2 Digit A/D Converter with Display Hold. 7-97 

TSC7126A Low Power 3 1/2 Digit A/D Converter with Low Drift Reference . 7-109 

TSC7126 Low Power 3 1/2 Digit A/D Converter . 7-121 

TSC7135 4 1/2 Digit Precision A/D Converter with BCD Output . 7-133 

TSC8750 3 1/2 Digit ADC with Parallel BCD Output. 7-145 

TSC14433A Precision 3 1/2 Digit ADC with Multiplexed BCD Output . 7-153 

TSC14433B Low Cost 3 1/2 Digit ADC with Multiplexed BCD Output . 7-159 

TSC14433 3 1/2 Digit ADC with Multiplexed BCD Output. 7-165 
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TELEDYNE .o*-* TSCSOO 

SEMICONDUCTOR Analog Processor for 

cjeY.ejQ Microprocessor-Based 

‘a®® A/D Converters 


General Description 

The TSCSOO allows Microprocessor-Based A/D Converters 
for Display that offer many more features than an applica¬ 
tion-specific ADC can. See page 8-3 for complete details. 

Applications 

• The TSCSOO Offers Flexibility! 

• Under Software Control the User Selects: 

— Speed 

— Resolution 

— Offset Correction 

— Transfer Function 
(Output/Input) 

• Leading to End Products Featuring: 

— Auto-Ranging 

— Auto-Tare (Scales) 

— Transducer Linearization 

— Complex Functions 

— Intelligence 


Features 

• 4 Phase Dual Slope Converter Subsystem 
— Auto-Zero Phase 
-- Signal Integrate Phase 
— Reference Integrate Phase 
— Integrator Zero Phase 
— Fast Overload Recovery 


• Excellent Linearity . 

• Low Power . 

• High Input Sensitivity .. 

• Differential Analog Input 


0.005% 


10 mW @ ±5 V Supplies 
. 100 mV 



• Differential Reference Input for Ratiometric Measurement 


• Low Input Current 


15 pA Max. 
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TSC805 
3 1/2 Digit Auto-Ranging 
Anaiog-to-Digitai Converter 

• Triplex LCD Drive 

• Low Power CMOS 


General Description 


Features 


The TSC805 is a 31/2 digit integrating analog-to-digital con¬ 
verter with triplex LCD display drive and automatic ranging. 
Input voltage/ohm attenuators ranging from 1 to 1/10,000 are 
automatically selected. Five full-scale ranges are provided. 
The CMOS TSC805 contains all the logic and analog switches 
needed to manufacture an auto-ranging instrument for ohms 
and voltage measurements. User selected 20 mA and 200 mA 
current ranges are available. Full-scale range and decimal 
point LCD annunciators are automatically set in auto-range 
operation. Auto-range operation is available during ohms 
(high and low power ohms) and voltage (AC & DC) measure¬ 
ments. Auto-ranging eliminates expensive range switches in 
hand-held DMM designs and makes compact meters easier and 
less costly to design. The auto-range feature may be bypassed 
allowing decimal point selection and input attenuator selection 
control through a single line input. Expensive rotary switches 
are not required. 

During manual mode operation resolution is extended to 3000 
counts full-scale. The extended range operation is indicated by 
a flashing 1 MSD. The extended resolution is available during 
2000 kn and 2000 V full-scale auto-range operation also. 

The memory mode subtracts a reading — up to ±5% of full- 
scale — from subsequent measurements. Typical applica¬ 
tions involve probe resistance compensation for resistance 
measurements, tolerance measurements, and tare weight 
measurement. 

The TSC805 includes and AC to DC converter for AC mea¬ 
surements. Only external diodes/resistors/capacitors are 
required. 

A complete LCD annunciator set describes the TSC805 me¬ 
ter function and measurement range during ohms, voltage 
and current operation. AC measurements are indicated as 
well as auto-range operation. A low battery detection circuit 
also sets the low battery display annunciator. The triplex 
LCD display drive levels may be set and temperature com¬ 
pensation applied via the Vdisp pin. 

The “low ohms" measurement option allows in circuit resis¬ 
tance measurements by preventing semiconductor junctions 
from being forward biased. 

A continuity buzzer output is activated with inputs less than 
1% of full-scale. An overrange input signal also enables the 
buzzer, except during resistance measurements, and flashes 
the MSD display. Featuring single 9 V battery operation, 10 mW 
power consumption, a precision internal voltage reference (76 
ppm/® C max. TC) and a compact surface mounted 60-pin quad 
flat package, the TSC805 is ideal for portable instruments. 


• Auto-Range Operation for AC & DC Voltage and Resistance 
Measurements 

— Two User Selected AC/DC Current Ranges 20 & 200 mA 


• 22 Operating Ranges 

— 9 DC/AC Voitage 

— 4 AC/DC Current 

— 9 Resistance and Low Power Ohms 

• Low Cost Switches Control Operation 

• 3 1/2 Digit Resolution in Auto-Range Mode _ 1/2000 

— Extended Resolution in Manual Mode . 1/3000 

• Memory Mode for Relative Measurements ... ±5% F.S. 

• Internal AC to DC Conversion Op Amp 


• Triplex LCD Drive for Decimal Points, Digits and Annun¬ 
ciators 

• Continuity Detection and Piezoelectric Transducer Driver 

• Compact Surface Mounted 60-Pin Quad Flat Package 

• Low Drift Internal Reference. 75 ppm/°C 

• 9 V Battery Operation 

• Low Battery Detection and LCD Annunciator 

• Low Power CMOS . 10 mW 
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Ordering Information 


Part. No. 

Package 

Temp. 

Range 

TSC805CBQ 

60-Pin Piastic Quad 
Flat Package 

Formed Leads 

0®Cto 70® C 

TSC805CSQ 

60-Pln Plastic Quad 
Flat Package 

Straight Leads 

0°Cto 70° C 

Pin Configuration 


Cl 

CAZ^ 

RXgl 
CFlIH 
ADl|0 
ado||T 
r»buf[|1 
rvibufH 
acvh[|4 
vssa[^ 
CIO qnd|^ 
RANOi [I? 

-MiM^ 

AciLonri^ 


u3jr>>>>>cicj 


> Cl Cl G C! £1 ee u 


rararai^giirai5iiMii3iiEaisii3<i[33ii3zii3ii 


TSC605 


LJ 111 lii Lu (II iii Lzj iii'iij H y y y iiii y 

liIIi iy s§ s § li i Ig 

S S I 

L-LCD ‘ 


I^CRiFL 

ii]RIVIRiFL 

^RMRIFH 

IDanalqq com 

^VCC 

HjvSSD 

^-MEM/iATT 

23]aC/-/AUTO 

2^BCP3 

iilFE2 y 

l^AQDZ i 

i|]BCP2 ^ 

ii]FEi I 

i^ADQI " 

i^BCPI I 


BACKPLANES 


©1984 
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3 1/2 Digit Auto-Ranging 
Analog-to-Digital Converter 
• Triplex LCD Drive 

TSC805 • Low Power CMOS 


Absolute Maximum Ratings 

Supply Voltage (V* to V”) . 

Analog Input Voltage . 

Reference Input Voltage . 

Voltage at Pin 43 .. 

Power Dissipation 

Piastic Package . 

Operating Temperature 

“C” Devices .O' 

...15 V Storage Temperature . -65° C to +160°C 

... V"^ to V“ Lead Temperature (Soldering, 60 sec.) . 300°C 

... V to V Stresses above those listed under Absolute Maximum Ratings may cause 

GND ±0,7 V permanent damage to the device. These are stress ratings only and functional 

operation of the device at these or any other conditions above those indicated 
800 mW the operational sections of the specifications is not implied. Exposure to 

Absolute Maximum Rating Conditions for extended periods may effect device 
reliability. 

“Cto+70°C 

Electrical Characteristics: vs = 9 v, ta = 25°c, Figure 1 Test circuit 





NO. SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

TSC805 
MIN TYP 

MAX 

UNIT 



200 mV Range w/o 10 MO 

Input Resistor 

-0000 

0000 

+0000 

Digital 

1 

Zero Input Reading 

200 mV Range w/10 MH Input 

-0001 


+0001 

Reading 



20 mA and 200 mA Range 

-0000 

0000 

+0000 




200 mV Range w/o 10 MH 

Input Resistor 

- 

- 

±1 


2 RE 

Rollover Error 

200 mV Range w/10 MO Input 

- 

- 

±3 

Count 



20 mA and 200 mA Range 

- 

- 

±1 


3 NL 

Linearity Error 

Best Case Straight Line 

- 

- 

±1 

Count 

4 IlN 

Input Leakage Current 


- 

- 

10 

pA 

5 En 

Input Noise 

BW = 0.1 to 10 Hz 

- 

20 

- 

mVp-p 

6 

AC Frequency Response 

±1% Error 

- 

40 to 500 — 

Hz 

±5% Error 

- 

40 to 2000 - 

7 

Open Circuit Voltage 
for OHM Measurements 

Excludes 200 Cl Range 

- 

570 

660 

mV 

8 

Open Circuit Voltage 
for LO OHM Measurement 

Excludes 200 n Range 

- 

285 

350 

mV 

9 VcOM 

Analog Common Voltage 

(V* -VcOM) 

2.5 

2.6 

3.3 

V 

10 VCTC 

Common Voltage 
Temperature Coefficient 


- 

- 

50 

ppm/°C 

11 

Dispiay Muitipiex Rate 


— 

100 

— 

Hz 

_j 

> 

CM 

Low Logic Input 

20 mA, AC, 1, Low H, 

Range, -MEM, OHMs 
(Relative to DIG GND Pin 56) 

- 

- 

1 

V 

13 

Logic 1 Puil Up Current 

20 mA. AC. 1. Low H, 

Range, -MEM, OHMs 
(Relative to DIG GND Pin 56) 

- 

25 

- 

mA 

14 

Buzzer Drive Frequency 



4 


kHz 

15 

Low Battery Flag Voltage 

Vcc to VSSA 

6.3 

6.6 

7.0 

V 

16 

Operating Supply Current 


- 

0.8 

1.5 

mA 

Note: 

1. 200 n range open circuit voitage approximateiy 2.8 V. 
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Pin Description and Function Table 1: 

PIN NO. 

(Quad Flat 

SYMBOL 

DESCRIPTION 

Package) 

1 

oTM 

Logic Input. “0” (Digital Ground) for resistance measurement. 

2 

aOlriA 

Logic Input. “0” (Digital Ground) for 20 mA full-scale current measurement. 

3 

BUZ 

Audio frequency, 4 kHz, output for continuity indication during resistance measurement. A non- 
continuous 4 kHz signal is output to indicate an input overrange during voltage or current 
measurements. 

4 

XTAL1 

32.768 kHz Crystal Connection. 

5 

XTAL2 

32.768 kHz Crystal Connection. 

6 

VDISP 

Sets peak LCD drive signal: VP = VCC-VDISP. VDISP may also be used to compensate for 
temperature variation of LCD crystal threshold voltage. 

7 

BP1 

LCD Backplane #1. 

8 

BP2 

LCD Backplane #2. 

9 

BP3 

LCD Backplane #3. 

10 

Low n/A 

LCD Annunciator segment drive for low ohms resistance measurement and current measurement. 

11 

a/v 

LCD Annunciator segment drive for resistance measurement and voltage measurement. 

12 

K/m 

LCD Annunciator segment drive for k (“kilo-ohms”) and m (“milli-amps” and “milli-volts”). 

13 

BCPO 

(Ones digit). 

LCD segment drive for “b,” “c” segments and decimal point of least significant digit (LSD). 

14 

AGDO 

LCD segment drive for “a,” “g,” “d” segments of LSD. 

15 

FEO 

LCD segment drive for “f” and “e” segments of LSD. 

16 

BCP1 

LCD segment drive for “b,” “c” segments and decimal point of 2nd LSD. 

17 

AGD1 

LCD segment drive for “a,” “g,” “d” segments of 2nd LSD (Ten’s digit). 

18 

FE1 

LCD segment drive for “f,” and “e” segments of 2nd LSD. 

19 

BCP2 

LCD segment drive for “b,” “c,” and decimal point of 3rd LSD. (Hundreds digit). 

20 

AGD2 

LCD segment drive for “a,” “g,” “d” segments of 3rd LSD. 

21 

FE2 

LCD segment drive for “b” and “c” segments of 3rd LSD. 

22 

BCP3 

LCD segment drive for “b,” “c” segments and decimal point of MSD (Thousand’s digit). 

23 

AC/-/AUTO 

LCD annunciator drive signal for AC measurements, polarity, and auto-range operation. 

24 

-MEM/BATT 

mode. 

LCD annunciator drive signal for low battery indication and memory (relative measurement) 

25 

VSSD 

Negative battery supply connection for internal digital circuits. Connect to negative terminal 
of battery. 

26 

VCC 

Positive battery supply connection. 

27 

COM 

Analog circuit ground reference point. Nominally 2.6 V below VCC. 

28 

RMREFH 

Ratiometric (Resistance measurement) reference high voltage. 

29 

RMREFL 

Ratiometric (Resistance measurement) reference low voltage. 

30 

CREFL 

Reference capacitor negative terminal CREF = 0.1 fxi. 

31 

CREFH 

Reference capacitor positive terminal CREF = 0.1 /uf. 

32 

REFHI 

Reference voltage for voltage and current measurement. Nominally 163.85 mV. 

33 

HRI 

Standard resistor connection for 200 H full-scale. 

34 

aR2 

Standard resistor connection for 2000 n full-scale. 
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Anaiog-to-Digitai Converter 
• Triplex LCD Drive 

TSC805 • Low Power CMOS 


Pin Description and Function Cont. 

PIN NO. 

(Quad Flat 

SYMBOL 

DESCRIPTION 

Package) 

35 

nR3 

Standard resistor connection for 20 kO full-scale range. 

36 

nR4 

Standard resistor connection for 200 kn full-scale range. 

37 

nR5 

Standard resistor connection for 2000 kr%full-scale range. 

38 

VR3 

Voltage measurement ^ 100 attenuator. 

39 

VR2 

Voltage measurement ^ 10 attenuator. 

40 

VR5 

Voltage measurement 10,000 attenuator. 

41 

VR4 

Voltagefneasurement -s- 1000 attenuator. 

42 

Vi 

Unknown voltage input 1 attenuator. 

43 

Ii 

Unknown current input. 

44 

ACVL 

Low output of AC to DC converter. 

45 

COMP 

Comparator output. 

46 

Cl 

Integrator capacitor connection. Nominally 0.1 /xf. (Low dielectric absorption. Polypropylene 
dielectric suggested). 

47 

CAZ 

Auto-zero capacitor connection. Nominally 0.1 /xf. 

48 

Rx 

Unknown resistance input. 

49 

CFI 

Input filter connection. 

50 

ADI 

Negative input of Internal AC to DC operational amplifier. 

51 

ADO 

Output of internal AC to DC operational amplifier. 

52 

RHBUF 

Active buffer output for resistance measurement. Integration resistor connection. Integrator 
resistor nominally 220 kH. 

53 

RVIBUF 

Active buffer output for voltage and current measurement. Integration resistor connection. 
Integration resistor nominally 150 kn. 

54 

ACVH 

Positive output of AC to DC converter. 

55 

VSSA 

Negative supply connection for analog circuits. Connect to negative terminal of 9 V battery. 

56 

DIG GND 

Internal logic digital ground. The logic “0” level. Nominally 4.7 V below VCC. 

57 

RANGE 

Input to set manual operation and change ranges. 

58 

MEM 

Input to enter memory measurement mode for relative measurements. The two LSD’s are stored 
and subtracted from future measurements. 

59 

DC/^. 
n/LOW n 

Input that selects AC or DC option during voltage/current measurements. For resistance 
measurements, the ohms or low power (voltage) ohms option can be selected. 

60 

T 

Input to select current measurement. Set to logic “0” (Digital ground) for current measurement. 
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Figure 1: Typical Application & Test Circuit 
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SEE PAGE - 18 FOR DETAILS. 
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Figure 2: TSC805 Analog Section 
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reference deintegrate — requires 8000 clock periods or 488.3 
ms. There are approximately two complete conversions per 
second. 

The integration time is fixed at 1638.5 clock periods or 100 ms. 
This gives rejection of 50/60 Hz AC line noise. 

The maximum reference deintegrate time, representing a full- 
scale analog input, is 3000 clock periods or 183.1 ms during 
manual extended resolution operation. The 3000 counts are 
available in manual mode, extended resolution operation only. 
In auto-ranging mode the maximum deintegrate time is 2000 
clock periods. The 1000 clock periods are added to the auto¬ 
zero phase. An auto-ranging or manual conversion takes 8000 
clock periods. After a zero crossing is detected in the reference 
deintegrate mode, the auto-zero phase is entered. 

Figure 5 shows the basic TSC805 timing relationships. 

Manual Range Selection 

The TSC805 voltage and resistance auto-ranging feature 
can be disabled by momentarily bringing RANGE (Pin 57) to 
digital ground potential (Pin 56). When the change from 
auto-to-manual ranging occurs the first manual range se¬ 
lected is the last range in the auto-ranging mode. 

The TSC805 power-up circuit selects auto-range operation 
initially. Once the manual range option is entered, range 
changes are made my momentarily grounding the RANGE 
control input. The TSC805 remains in the manual range 
mode until the measurement function (voltage or resistance) 
or measurement option (AC/DC, O/LO Cl) changes. This 


causes the TSC805 to return to auto-ranging operation. 

The “Auto” LCD annunciator driver is active only in the auto¬ 
range mode. 

Table 5 shows typical operation where the manual range 
selection option is used. Also shown is the extended resolu¬ 
tion display format. 

Extended Resolution Manual Operation 

The TSC805 extends resolution by 50% when operated in the 
manual range select mode for current, voltage, and resis¬ 
tance measurements. Resolution increases to 3000 counts 
from 2000 counts. The extended resolution feature operates 
only on the 2000 kO and 2000 V ranges during auto-range 
operation. 

In the extended resolution operating mode readings above 
1999 are displayed with a blinking “1” most significant digit. 
The blinking “1” should be interpreted as the digit 2. The 
three least significant digits display data normally. 

An input overrange condition causes the most significant 
digit to blink and sets the three least significant digits to 
display “000”. The buzzer output is enabled for input voltage 
and current signals with readings greaterthan 2000countsin 
both manual and auto-range operation. 

For resistance measurements the buzzer signal does not 
indicate an overrange condition. The buzzer is used to indi¬ 
cate continuity. Continuity is defined as a resistance reading 
less than 19 counts. 


Table 5: Manual Range Operation 


INPUT 



DC VOLTS 

AC VOLTS 

OHM 

LO OHM 



23.5 V 

18.2 V 

18.2 kn 

2.35 MO 



RANGE 

DISPLAY 

RANGE 

DISPLAY 

RANGE 

DISPLAY 

RANGE 

DISPLAY 

POWER-ON 

200 mV 

“V’OO.O mV 

2 V 

“V’.OOO V 

200 0 

“V’OO.O O 

2 kO 

“V’.OOO kO 

AUTO-RANGE 

2 V 

“1”.000 V 

20 V 

18.20 V 

2 kO 

‘V’.OOO kO 

10 kO 

"r’ 0.00 kO 

OPERATION 

20 V 

“V’O.OO V 


20 kO 

18.20 kO 

200 kO 

“V’OO.O kO 



200 V 

23.5 V 



2000 kO 

‘'1"350 kO 


#Of 

RAN?IE changes "l-T 




■■linn 

mHH 

nHHi 


“l-J” 

RANGE 

DISPLAY 

RANGE 

DISPLAY 

RANGE 

DISPLAY 

RANGE 

DISPLAY 


1 

200 V 

23.5 V 

20 V 

18.20 V 

jjj^mii^iQQniiii 

18.20 kO 

2000 kO 

"1"350 kO 

0 

M P 
t R 

2 

200 mV 

"1 "00.0 mV 

2 V 

“1”.000 V 


“r’00.0 0 

2 kO 

“r’.OOO kO 

3 

2 V 

1.000 V 

20 V 

18.20 V 

■HnQIlll 

'V’.OOOkO 

20 kO 

“1”0.00 kO 

U A 

4 

20 V 

”1”3.50 V 

200 V 

18.2 V 

20 kO 

18.20 kO 

200 kO 

“V’OO.O kO 

t i 

5 

200 V 

23.5 V 

600 V 

19 V 

200 kO 

18.2 kO 

2000 kO 

"1"350 kO 

^ 0 

N 

6 

1000 V 

24 V 

2 V 

"1".000 V 

2000 kO 

19 kO 

2 kO 

“r’.OOO kO 

7 

200 mV 

"1”00.0 mV 

20 V 

18.20 V 

200 0 

"1’”00.0 0 

20 kO 

"1”0.00 kO 


8 

2 V 

"V’.OOO V 

200 V 

18.2 V 

2 kO 

T".000 k0 

200 kO 

"V’OO.O kO 


Notes; 3. A flashing MSD with a non-zero display Indicates the TSC805 has entered 

1. A flashing MSD Is shown as a “1". A flashing MSD Indicates the TSC805 Is the extended resolution operating mode. An additional 1000 counts of reso- 


over-ranged if ail other digits are zero, lution Is available. This extended operation Is available only in manual 

2. The first manual range selected Is the last range in the auto-ranging mode. operation for voltage, resistance and current measurements. 

4. —I I"" = momentary ground connection. 
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3 1/2 Digit Auto-Ranging 
Anaiog-to-Digitai Converter 

• Triplex LCD Drive 

• Low Power CMOS TSC805 



External Crystal = 32.768 kHz 

Internal Clock Period = Tp = 2/32.768 = 61.04 /us 

Total Conversion Time = TcONV = 8000 (Tp) 

= 488.3 ms « 2 CONV/SEC 

Integration Time = Ti = 1638.5 (Tp) = 100.0 ms 
Maximum Reference Deintegrate Time 
= Tde = 3000 (Tp) = 183.1 ms (Manual, Extended Resolution) 
= 2000 (Tp) = 122.1 ms (Auto-Range) 

Minimum Auto-Zero Time 

= (8000-3000-1638.5) (Tp) = 205.1 ms (Manual, Extended 

Resolution) 

= (8000-2000-1638.5) (Tp) = 266.2 ms (Auto-Range) 


.1 _ 

Figure 5; Basic TSC805 Conversion Timing 

Measurement Options 
AC to DC Measurements 

In voltage and current measurements the TSC805 can be 
configured for AC measurements. An on chip operationai 
amplifier and external rectifier components perform the AC 
to DC conversion. 

When power is first applied the TSC805 enters the DC mea- 
surement mode. For AC measurements (current or voltage), 
AC/DC (Pin 59) is momentarilybroughtlowto digital ground 
potential: the TSC805 sets-up for AC measurements and the 
^ liquid crystai display annunciator activates. Toggling 
AC/DC low again will return the TSC805 to DC operation. 

If the manual operating mode has been selected toggling 
AC/DC will reset the TSC805 back to the auto-range mode. I n 
manual mode operation AC or DC operation should be se¬ 
lected first and then the desired range selected. 


The minimum AC voltage full-scale voltage range is 2 V. The 
DC full-scale minimum voltage is 200 mV. 

AC current measurements are available on the 20 mA and 
200 mA full-scale current range. 

Conversion Timing 

The TSC805 analog-to-digital converter uses the conven¬ 
tional dual slope integrating conversion technique with an 
added phase that automatically eliminates zero offset errors. 
The TSC805 gives a zero reading with a zero voit input. 

The TSC805 is designed to operate with a 32.768 kHz crystal. 
The 32 kHz crystal is low cost and readily available; it serves 
as a time base osciiiator crystal in many digital clocks. (See 
External Crystal Sources.) 

The external clock is divided by two. The internal clock fre¬ 
quency is 16.348 kHz giving a clock period of 61.04 /us. The 
total conversion — auto-zero phase, signal integrate and 



SIGNAL REFERENCE 

TSC805 INTEGRATE DEINTEGRATE 
PHASE PHASE 



7 - 15 


W TELEDYNE SEMICONDUCTOR 








TSC805 


3 1/2 Digit Auto-Ranging 
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Voltage Measurement 

Resistive dividers are automatically changed to provide in 
range readings for 200 mV to 2000 V full-scale readings 
(Figure 2). The input resistance is set by external resistors 
R14/R13. Thedividerleg resistorsare R9-R12. The divider leg 
resistors give a 200 mV signal at VI (Pin 42) for full-scale vol¬ 
tages from 200 mV to 2000 V. 

For applications which do not require a 10 MH input impe¬ 
dance the divider network impedances may be lowered. This 
will reduce voltage offset errors induced by switch leakage 
currents. 


Current Measurement 

The TSC805 measures current only under manual range 
operation. The two user selectable full-scale ranges are: 
20 mA and 2^0 mA. Select the current measurement mode by 
holding the I input (Pin 60) low at digital ground potential. 


The OHM input (Pin 1) is left floating or tied to the positive 
supply. 

Two ranges are possible. The 20 mA full-scale range is 
selected by connecting the 20 mA input (Pin 2) to digital 
ground. If left floating the 200 mAfull-scale range is selected. 

External current to voltage conversion resistors are used at 
the li input (Pin 43). For 20 mA measurements a 10 O resistor 
is used, the 200 mA range needs a 1 H resistor. Full-scale is 
200 mV. 

PC board trace resistance between analog common and R16 
(See Figure 1) must be minimized. In the 200 mA range, for 
example, a 0.05 H trace resistance will cause a 5% current to 
voltage conversion error at li (Pin 43). 

The extended resolution measurement option operates 
during current measurements. 

To minimize rollover error the potential difference between 
analog common (Pin 27) and system common must be 
minimized. 
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Resistance, Voltage, Current 
Measurement Selection 

The TSC805 is designed to measure voltage, current, and 
resistance. Auto-ranging is avail able for resistance and vol¬ 
tage measurements. The OHMS (Pin 1) and I (Pin 60) input 
controls are normally pulled internally to Vcc. 

By tying these pins to Digital Ground (Pin 56), the TSC805 is 
configured internally to measure resistance, voltage, or 
current. The required signal combinations are shown in 
Table 2. 


Table 2: TSC805 Measurement Selection Logic 


Function Select Pin 

OHM (Pin 1) 

T(Pin 60) 

Seiected Measurement 

0 

0 

Voltage 

0 

1 

Resistance 

1 

0 

Current 

1 

1 

Voltage 


0 = Digital Ground 
1 = Floating or Tied to Vcc 

No tes: _ 

1. OHM & I are normally pulled internally high to VCC (Pin 
26). 

This is considered a logic “1.” 

2. Logic “0” is the potential at digital ground (Pin 56). 

Resistance Measurements — 

OHMS & Low Power OHMS 

The TSC805 can be configured to reliably measure In-circuit 
resistances shunted by semiconductor junctions. The 
TSC805 low power ohms measurement mode limits the 
probe open circuit voltage. This prevents semiconductor 
junctions in the measured system from turning on. 

In the resistance measurement mode the O/LOWn (Pin 59) 
input selects the low power ohms measu rement mode. For 
low power ohms measurements fl/LOWfl (Pin 59) is momen¬ 
tarily brought low to digital ground potential. The TSC805 
sets up for a low power ohms measurement with a maximum 
open circuit probe voltage of 0.35 V above analog common. 
In the l ow power ohms mode an LCD display annunciator, 
LCW a, will be activated. Cn power up the low power ohms 
mode is not active. 

If the ma nual operating mode has been selected, toggling 
n/LOWn will reset the TSC805 back to the auto-range mode. 
In manual mode, the decision to make a normal or low 
power ohms measurement should be made before selecting 
the desired range. 


The low power ohms measurement is not available on the 
200 n full-scale range. Cpen circuit voltage on this range is 
below 2.8 V. 

The standard resistance values are listed In Table 3. 


Table 3; Ohms Range Ladder Network 


FUil-Scaie 

Range 

standard 

Resistance 

Low Power 
Ohms Mode 

200 n 

163.85 n (R1) 

NO 

2000 n 

1638.5 n(R2) 

YES 

20 kn 

16,358 n(R3) 

YES 

200 kn 

163850 n(R4) 

YES 

2,000 kn 

1,638,500 n(R5) 

YES 


N/A = Not available. 

R8, a positive temperature coefficient resistor, and the 6.2 V 
zener, Z1 in Figure 1 provide input voltage protection during 
ohms measurements. 

Ratiometric Resistance Measurements 

The TSC805 measures resistance ratiometrically. Accuracy 
is set by the external standard resistors connected to Pin 33 
through 37. A low-power ohms mode may be selected on all 
but the 200 a full-scale range. The low power ohms mode 
limits the voltage applied to the measured system. This 
allows accurate “in-circuit” measurements when a resistor is 
shunted by semiconductor junctions. 

Full auto-ranging is provided. External precision standard 
resistors are automatically switched to provide the proper 
range. 

Figure 3 shows a detailed block diagram of the TSC805 con¬ 
figured for ratiometric resistance measurements. During the 
signal integrate phase the reference capacitor charges to a 
voltage inversely proportional to the measured resistance- 
RX. Figure 4 shows the conversion accuracy relies on the 
accuracy of the external standard resistors only. 

Normally the required accuracy of the standard resistances 
will be dictated by the accuracy specifications of the users 
end product. Table 4 gives the equivalent ohms per count for 
various full-scale ranges to allow users to judge the required 
resistor accuracy. 


Table 4: Reference Resistors 


Fuil-Scaie 

Range 

Reference 

Resistor 

n/COUNT 

200 

163.85 

0.1 

2 k 

1638.5 

1 

20 k 

16385 

10 

200 k 

163850 

100 

2 M 

1638500 

1000 
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•MODE ALSO OPERATES WHEN AUTO-RANGING OPERATION IS 
SELECTED AND 2 IVIfi <RX <2.999 Mfl 


Figure 6: Manual Range Selection; 

Resistance Measurement 



Figure 7: Manual Range Selection; 

Current Measurement 

-MEM Operating Mode 

Bringing MEM (Pin 58) momentarily low configures the 
TSC805 “-MEM” operating mode. The -MEM LCD Annun¬ 
ciator becomes active. In this operating mode subsequent 
measurements are made relative to the last two digits (<99) 
displayed at the time MEM is low. This represents 5% of full- 
scale. The last two significant digits are stored and subtracted 
from all the following input conversions. 



Figure 8: Manual Range Selection; 

Voltage Measurement 

A few examples clarify operation: 

Example 1: In Auto-Ranging 

Ri (N) = 18.21 kn (20 kn Range ) = > Display 18.21 kn 
MEM “LJ“ = > Store 0.21 kn 

Ri (N+1) = 19.87 kn,(20 kH Range) 

= > Display 19.87 - 0.21 = 19.66 kn 

Ri (N+2) = 22.65 kn (200 kn Range) 

= > Display 22.7 kCl & MEM Disappears 

Example 2: In Fixed Range 200.0 n Full-Scale 

Ri (N ) = 18.2 n = > Display 18.2 n 

MEM ”L_r = > Store 8.2 n 

Ri (N+1) =36.7n 

= > Display 36.7 - 8.2 = 28.5 Cl 

Ri (N+2) = 5.8 n 

= > Display 5.8 - 8.2 = -2.4 n* 

* Will display minus resistance if following input is less than 

offset stored at fixed range 

Example 3: In Fixed Range 20.00 V Full-Scale 

VI ( N) = 0.51 V = > Display 0.51 V 
MEM “LT = > Store 0.51 V 

Vi (N+1) =3.68 V 

= > Display 3.68-0.51 =3.17 V 

Vi (N+2) = 0.23 V 

= > Display 0.23 - 0.51 = -0.28 V 

Vi (N+3) = -5.21 V 

= > Display -5.21 - 0.51 = -5.72 V 
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On Power up the TSC805 “-ME M” m ode is not active. Once 
the “-MEM” is entered bringing MEM low again it returns the 
TSC805 to normal operation. 

The "-MEM” mode is also cancelled whenever the measure¬ 
ment type (resistance, voltage, current, AC/DC,n/Low Cl) 
or range is changed. The LCD -MEM annunciator will be off 
In normal operation. 

In auto-range operation if the following input signal cannot 
be converted on the same range as the stored value, the 
”-MEM” mode is cancelled. The LCD annunciator is turned 
off. 

The “-MEM” operating mode can be very useful in resistance 
measurements when lead length resistance would cause 
measurement errors. 

Automatic Range Selection Operation 

When power is first applied the TSC805 enters the auto¬ 
range operating state. The auto-range mode may be entered 
from manual mode by changing the measurement function 
(resistan_C£ or volt age) or by changing the measurement 
option (AC/DC, H/LOH). 

The automatic voltage range selection begins on the most 
sensitive scale first: 200 mV for DC or 2.000 V for AC measure¬ 
ments. The voltage range selection flow chart is given in Figure 
9. 

Internal input protection diodes to VCC (Pin 26) and VSSA 
(Pin 55) clamp the input voltage. The external 10 MH input 
resistance (See Figure 1, R14 and R13) limits current safely in 
an overrange condition. 

The voltage range selection is designed to maximize resolu¬ 
tion. For input signals less than 9% of full-scale (count reading 
<180) the next most sensitive range is selected. 

An overrange voltage input condition is flagged whenever the 
internal count exceeds 2000 by activating the buzzer output 
(Pin 3). This 4 kHz signal can directly drive a piezo electric 
acoustic transducer. An out of range input signal causes the 
4 kHz signal to be on for 122 ms, off for 122 ms, on for 122 ms, 
and off for 610 ms (See Figure 15). 

During voltage auto-range operation the extended resolution 
feature operates on the 2000 V range only (See extended reso¬ 
lution operating mode discussion). 

The resistance automatic range selection procedure is shown 
in Figure 10. The 200(1 range is the first range selected unless 
the TSC805 low ohms resistance measurement option is 
selected. In low ohms operation the first full-scale range tried 
is 2 k(l. 

The resistance range selected maximizes sensitivity. If the 
conversion results in a reading less than 180 the next most 
sensitive full-scale range is tried. 

If the conversion is less than 19 in auto-range operation a 
continuous 4 kHz signal is output at BUZ (Pin 3). An overrange 
input does not activate the buzzer. 


Out of range input conditions are displayed by a blinking most 
significant digit with the three least significant digits set to 
“ 000 .” 

The extended resolution feature operates only on the 2000 kO 
and 2000 V full-scale range during auto-range operation. A 
blinking “1” most significant digit is interpreted as the digit 2. 
The three least significant digits display data normally. 



START: POWER ON, FUNCTION OR MEASUREMENT OPTION CHANGE 


Figure 9: Auto-Range Operation; 
Voitage Measurement 
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START: POWER ON, FUNCTION OR MEASUREMENT OPTION CHANGE 


Figure 10: Auto-Range Operation; 

Resistance Measurement 



Figure 11: Low Battery Detector 


TSC805 


Low Battery Detection Circuit 

The TSC805 contains a low battery detector. When the 9 V 
battery supply has been depleted to a 7 V nominal value the 
LCD display low battery annunciator is activated. 

The low battery detector is shown in Figure 11. The low battery 
annunciator is guaranteed to remain OFF with the battery 
supply greater than 7.0 V. The annunciator is guaranteed to 
be ON before the supply battery has reached 6.3 V. 


Triplex Liquid Crystal Drive 


The TSC805 directly drives a triplexed liquid crystal display 
(LCD) using 1/3 bias drive. All data, decimal point, polarity 
and function annunciator drive signals are developed by the 
TSC805. A direct connection to a triplex LCD display is 
possible without external drive electronics. Standard and 
custom LCD displays are readily available from LCD manu¬ 
facturers. 



The LCDs must be driven with an AC signal having a zero DC 
component for long display life. The liquid crystal polariza¬ 
tion is a function of the RMS voltage appearing across the 
backplane and segment driver. The peak drive signal applied 
to the LCD is: VCC-VDISP. 

If VDISP, for example, is set at a potential 3 V below VCC the 
peak drive signal is: 

Vp = VCC-VDISP = 3 V 

An “OFF” LCD segment has an RMS voltage of Vp/3 across it 
or 1 volt. An “ON” segment has a 0.63 Vp signal across it or 
1.92 V for VCC-VDISP = 3 V. 

Since the VDISP pin isavailabletheusermayadjustthe “ON” 
and “OFF” LCD levels for various manufacturer’s displays by 
changing Vp. Liquid crystal threshold voltage moves down 
with temperature. 


VCC 



"OFF" = Vp/3 RMS 


"ON" =-Vp RMS 

3vT 


Figure 12: 1/3 Bias LCD Drive 
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“OFF” segments may become visible at high LCD operating 
temperatures. A voltage mXh a -5 to -20 mV/° C temperature 
coefficient can be applied to VDISP to accommodate the 
liquid crystal temperature operating characteristics if 
necessary. 

The TSC805 internally generates t\A/o intermediate LCD drive 
potentials (Vh & Vl) from a resistive divider (Figure 12) 
between VCC (Pin 26) and VDISP (Pin 6). The ladder impe¬ 
dance is approximately 150 kfl. This drive method is com¬ 
monly known as 1/3 bias. With Vdisp connected to digital 
ground Vp « 5.0 V. 

The intermediate levels are needed so that drive signals giving 
RMS “ON” and “OFF” levels can be generated. Figure 13 
shows a typical drive signal and the resulting wave forms for 
“ON” and “OFF” RMS voltage levels across a selected LCD 
element. 

LCD Displays 

Although most users will design their own custom LCD dis¬ 
play, several manufacturers offer standard displays for the 
TSC805. Figure 14 shows a typical display available from 
Varitronix. 


External Crystal 

The TSC805 is designed to operate with a 32,768 Hz crystal. 
This frequency is internally divided by two to give a 61.04 /us 
clock period. One conversion takes 8000 clock periods or 
488.3 msec (« 2 conversions/second). Integration time is 
1638.5 clock periods or 100 ms. 

The 32 kHz quartz crystal is readily available and inexpensive. 
The 32 kHz crystal is commonly used in digital clocks and 
counters. 

Several crystal sources exists. A partial listing is: 

• Statek Corporation 
512 N. Main 
Orange, CA 92668 
(714) 639-7810 
TWX: 910-593-1355 
TELEX: 67-8394 

• Daiwa Sinku Corporation 
1389, Shinzaike - AZA-Kono 
Hirakacho, Kakogawa Hyogo, Japan 
Tel: 0794-26-3211 


1 . Varitronix Ltd. 

9/F Liven House, 61-63, King Yip Street 
Kwun Tjong, Hong Kong 
Tel: 3-410286 
TELEX: 36643 VTRAX HX 
Part No.: VIM 309-1 Pin Connector 

VIM 309-2 Elastomer Connector 

USA OFFICE: 

VL Electronics Inc. 

2775 Glendower Ave. 

Los Angeles, CA 90027 
Tel. (213) 661-8883 
TELEX: 821554 

2. Adamant Kogyo Co., LTD. 

16-7, Shinden, 1-Chome, Adachi-Ku, Tokyo, 123, Japan 
Tel: Tokyo 919-1171 


• International Piezo LTD 
24-26, Sze Shan Street 
Yau Ton, Hong Kong 
TLX: 35454 XTAL HX 
Tel: 3-3501151 

Contact manufacturer for full specifications. 


BACKPLANES 




Waveforms to Generate 



3 ^' 




VTT 


Vp 


3'/T' 


sVi” 


Figure 13: Triplex LCD Drive Waveforms 
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Figure 14: Typical LCD Display Configuration 
TSC805 Triplex 


“Buzzer” Drive Signai 

The TSC805 BUZ output (Pin 3) will drive a piezo electric 
audio transducer. The signal is activated to indicate an input 
overrange condition for current and voltage measurements 
or continuity during resistance measurements. 

During a resistance measurement a reading less than 19 on 
any full-scale range causes a continuous 4 kHz signal to be 
output. This is used as a continuity indication. 

A voltage or current input measurement overrange is indi¬ 
cated by a non-continuous 4 kHz signal at the BUZ output. 
The LCD display MSD also flashes and the three least signifi¬ 
cant digits are set to display zero. The buzzer drive signal for 
overrange is shown in Figure 15. The buzzer output is active 
for any reading over 2000 counts in both manual and auto¬ 
range operation. The buzzer is activated during an extended 
resolution measurement. 

The BUZ signal swings from VCC (Pin 26) to Digital Ground 
(Pin 56). The signal is at VCC when not active. 

The buz output is also activated for 15 ms whenever a range 
change is made in auto-range or manual operation. Chang¬ 
ing the type of measurement (voltage, current, or resistance) 



or measurement option (AC/DC, n/LOO) will also activate 


the buzzer output for 15 ms. A range change during a current 


measurement will not activate the buzzer output. 
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Non-Continuous Buzzer Signal Indicates Input Overrange 


INTERNAL 

TSC805 

SIGNALS 


DEINTEGRAT 



Figure 15: TSC805 Timing Waveform for Buzzer Output 


Vendors for piezo electric audio transducers are: 

1. Gulton Industries 
Piezo Products Division 
212 Durham Avenue 
Metuchen, New Jersey 08840 
(201) 548-2800 

Typical P/N’s: 102-95NS, 101-FB-00 

2. Taiyo Yuden (USA) Inc. 

Arlington Center 

714 West Algonquin Road 

Arlington Hts., III. 60005 

Typical P/N’s: CB27BB, CB20BB, CB355BB 


Display Decimal Point Selection 

The TSC805 provides a decimal point LCD drive signal. The 
decimal point position is a function of the selected full-scale 
range as shown in Table 6. 

Table 6: Decimal Point Selection 



1 • 9 

• 9 

• 9 

Full-Scale Range 

DPS 

DP2 

DPI 

2000 V, 2000 kn 

OFF 

OFF 

OFF 

200.0 V, 200.0 kn 

OFF 

OFF 

ON 

20.00 V, 20.00 kn 

OFF 

ON 

OFF 

2.000 V, 2.000 kn 

ON 

OFF 

OFF 

200.0 mV, 200.0 n 

OFF 

OFF 

ON 

20.00 mA 

OFF 

ON 

OFF 

200.0 mA 

OFF 

OFF 

ON 
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AC to DC Converter Operational Amplifier 

The TSC805 contains an on chip operationai ampiifier that 
may be connected as a rectifier for AC to DC voitage and 
current measurements. Typicai operationai ampiifiercharac- 
teristics are: 

• Siew Rate: 1 V//us 

• Unity Gain Bandwidth: 0.4 MHz 

• Open Loop Gain: 44 dB 

• Output Voitage Swing (Load = 10 kn) ±1.5 V 
(Reference to Anaiog Common) 

When the AC measurement option is seiected the input 
buffer receives an input signai through switch S14 rather 
than switch S11 (See Figure 2). With externai circuits the AC 
operating mode can be used to perform other types of func¬ 
tions within the constraints of the internal operational ampli¬ 
fier. External circuits that perform true RMS conversion or 
a peak hold function are typical examples. 


RflBUF Selection (Pin 52 ) 


In ratiometric resistance measurements the signal at Rx (Pin 
48) is always positive with respect to analog common. The 
integrator swings negative. 

The worst case integrator swing is for the 200 n range with 
the manual, extended resolution option. 

The input voltage VX (Pin 48) is easily calculated (Figure 16). 
Vancom = Potential at Analog Common « 2.7 V 
Rs = 220 n 


Ri = 163.85 0 

Rx = 300 0 

Rs = Internal Switch 33 Resistance * 600 O 

R O BUF = (VCC - Vancom) Rx ^ ^ 

(Rx + Rs + Ri + Rs) 



Component Selection 
Integration Resistor Selection 

The TSC805 automatically selects one of two external inte¬ 
gration resistors. RVIBUF (Pin 53) is selected for voltage and 
current measurement. ROBUF (Pin 52) is selected for resis¬ 
tance measurements. 

RVIBUF Selection (PIN 53) 

In auto-range operation the TSC805 operates with a 200 mV 
maximum full-scale potential at VI (Pin 42). Resistive dividers 
at VR2 (Pin 39), VR3 (Pin 38), VR4 (Pin 41) and VR5 (Pin 40) 
are automatically switched to maintain the 200 mV full-scale 
potential. 

In manual mode the extended operating mode is activated 
giving a 300 mV full-scale potential at VI (Pin 42). 

The integrator output swing should be maximized but satu¬ 
rations must be avoided. The integrator will swing within 
0.45 V of VCC (Pin 26) and 0.5 V of VSSA (Pin 55) without 
saturating. A ±2 V swing is suggested. The value of RVIBUF is 
easily calculated assuming a worst case extended resolution 
input signal: 

Vint = Integrator Swing = ±2 V 
Ti = Integration Time = 100 ms 
Cl = integration Capacitor = 0.1 /uf 
Vmax = Maximum Input at Vi = 300 mV 

RVIBUF = = 150 kn 

Vint (Ci) 


For a 3.1 V integrator swing the value of R fl BUF is easily cal¬ 
culated: 

Vint = Integrator Swing = 3.1 V 
Ti = Integration Time = 100 ms 

Cl = Integration Cap. = 0.1 fxf 

Rx Max = 300 H 

VxMax = 700 mV 


R n BUF 


(Vx MAX) (Ti) 
Cl (Vint) 


220 kn 



Figure 16: ROBUF Calculation (200 O Manual 
Operation) 
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With a low battery voltage of 6.6 V analog common will be 
approximately 3.6 V above the negative supply terminal. With 
the integrator swinging down from analog common toward the 
negative supply a 3.1 V swing will set the integrator output to 
0.5 V above the negative supply. 

CINT, CAZ and CREF Capacitors 

The integration capacitor, CINT, must have low dielectric 
absorption. A 0.1 uf polypropylene capacitor is suggested. 
The auto-zero capacitor, CAZ, and reference capacitor, 
CREF, should be selected for low leakage and dielectric 
absorption. Polystyrene capacitors are good choices. 

Reference Voltage Adjustment 

The TSC805 contains a low temperature drift internal voltage 
reference. The analog common potential (Pin 27) is estab¬ 
lished by this reference. Maximum drift is a low 75 ppm/°C. 
Analog common is designed to be approximately 2.6 V below 
VCC (Pin 26). A resistive divider (R18/R19, Figure 1) sets the 
TSC805 reference input voltage (REFHI, Pin 32) to approxi¬ 
mately 163.85 mV. 

With an input voltage near full-scale on the 200 mV range, 
R19 is adjusted for the proper reading. 


Flat Package Socket 

Sockets suitable for prototype work are available. 

A USA source is: 

Nepenthe Distribution 
2471 East Bayshore 
Suite 520 

Palo Alto, CA 94303 
(415) 856-9332 
TWX: 910-373-2060 

(a) “BQ” Socket Part No.: IC51-064-042 BQ 

(b) “SQ” Socket Part No.: IC51-064-042 SQ 

Resistive Ladder Networks 

Resistor attenuator networks for voltage and resistance 
measurement are available from: 

Caddock Electronics 
1717 Chicago Avenue 
Riverside, CA 92507 
TEL: (714) 788-1700 
TWX: 910-332-6108 


Attenuator 

Accuracy 

Attenuator 

Type 

Caddock 
Part Number 

0 .1% 

Voltage 

1776-C441 

0.25% 

Voltage 

1776-C44 

0.25% 

Resistance 

T 1794-204-1 


Package Outline 
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General Description 


Features 


The TSC815 is a 31/2 digit integrating analog-to-digital con¬ 
verter with triplex LCD display drive and automatic ranging. 
A display hold function is on-chip. Input voltage/ohm atten¬ 
uators ranging from 1 to 1/10,000 are automatically selected. 
Five full-scale ranges are provided. The CMOS TSC815 con¬ 
tains all the logic and analog switches needed to manufac¬ 
ture an auto-ranging instrument for ohms and voltage 
measurements. User selected 20 mA and 200 mA current 
ranges are available. Full-scale range and decimal point LCD 
annunciators are automatically set in auto-range operation. 
Auto-range operation is available during ohms (high and low 
power ohms) and voltage (AC & DC) measurements. Auto¬ 
ranging eliminates expensive range switches in hand-held 
DMM designs and makes compact meters easier and less 
costly to design. The auto-range feature may be bypassed 
allowing decimal point selection and input attenuator selec¬ 
tion control through a single line input. Expensive rotary 
switches are not required. 

During manual mode operation resolution is extended to 
3000 counts full-scale. The extended range operation is indi¬ 
cated by a flashing 1 MSD. The extended resolution is avail¬ 
able during 2000 kH and 2000 V full-scale auto-range opera¬ 
tion also. 

The memory mode subtracts a reading — up to ±5% of full- 
scale — from subsequent measurements. Typical applications 
involve probe resistance compensation for resistance mea¬ 
surements, tolerance measurements, and tare weight mea¬ 
surement. 

The TSC815 includes and AC to DC converter for AC mea¬ 
surements. Only external diodes/resistors/capacitors are 
required. 


• Auto-Range Operation for AC & DC Voltage and Resistance 
Measurements 

— Two User Selected AC/DC Current Ranges 20 & 200 mA 


• 22 Operating Ranges 

— 9 DC/AC Voltage 

— 4 AC/DC Current 

— 9 Resistance and Low Power Ohms 

• Display HOLD Function 

• 3 1/2 Digit Resolution in Auto-Range Mode _ 1/2000 

— Extended Resolution in Manual Mode . 1/3000 

• Memory Mode for Relative Measurements ... ±5% F.S. 

• Internal AC to DC Conversion Op Amp 


• Triplex LCD Drive for Decimal Points, Digits and 
Annunciators 

• Continuity Detection and Piezoelectric Transducer Driver 

• Compact Surface Mounted 60-Pin Quad Flat Package 

• Low Drift Internal Reference. 75 ppm/°C 

• 9 V Battery Operation . 10 mW 

• Low Battery Detection and LCD Annunciator 


Ordering Information 


Part. No. 

Package 

Temp. 

Range 

TSC815CBQ 

60-Pin Plastic Quad 
Flat Package 

Formed Leads 

0° C to 70° C 

TSC815CSQ 

60-Pin Plastic Quad 
Flat Package 

Straight Leads 

0°C to 70° C 

Pin Configuration 


A complete LCD annunciator set describes the TSC815 me¬ 
ter function and measurement range during ohms, voltage 
and current operation. AC measurements are indicated as 
well as auto-range operation. A low battery detection circuit 
also sets the low battery display annunciator. The triplex 
LCD display drive levels may be set a nd tem perature com¬ 
pensation applied viatheVoisPpin. With HOLD lowthedisplay 
is not updated. A HOLD MODE LCD annunciator is activated. 

The “low ohms” measurement option allows in circuit resis¬ 
tance measurements by preventing semiconductor junctions 
•from being forward biased. 

A continuity buzzer output is activated with inputs less than 
1% of full-scale. An overrange input signal also enables the 
buzzer, except during resistance measurements, and flashes 
the MSD display. Featuring single 9 V battery operation, 
10 mW power consumption, a precision internal voltage 
reference (75 ppm/°C max. TC) and a compact surface 
mounted 60-pin quad flat package, the TSC815 is ideal for 
portable instruments. 
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Absolute Maximum Ratings 






Supply Voltage (V"^ to V") .. 

Analog Input Voltage ... 

Reference Input Voltage . 

Voltage at Pin 43 . ( 

Power Dissipation 

Plastic Package .. 

Operating Temperature 

“C” Devices .0° 

. 15 V Storage Temperature . -65°C to+160°C 

.. V"^ to V Lead Temperature (Soldering, 60 sec.) . 300°C 

.. V'*’ to V 

^ Stresses above those listed under Absolute Maximum Ratings may cause 

—u./ V permanent damage to the device. These are stress ratings only and functional 

operation of the device at these or any other conditions above those indicated 
. . 800 mW in the operational sections of the specifications is not implied. Exposure to 

Absolute Maximum Rating Conditions for extended periods may effect device 

Cto+70°C 

Electrical Characteristics: vs = 9 v, 

Ta = 25°C, Figure 1 Test Circuit 





NO. SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

MIN 

TSC815 

TYP 

MAX 

UNIT 



200 mV Range w/o 10 MH 

Input Resistor 

-0000 

0000 

+0000 

Digital 

1 

Zero Input Reading 

200 mV Range w/10 MH Input 

-0001 

— 

+0001 

Reading 



20 mA and 200 mA Range 

-0000 

0000 

+0000 




200 mV Range w/o 10 MH 

Input Resistor 

- 

- 

±1 


2 RE 

Rollover Error 

200 mV Range w/10 MH Input 

- 

~ 

±3 

Count 



20 mA and 200 mA Range 

- 

— 

±1 


3 NL 

Linearity Error 

Best Case Straight Line 

— 

~ 

±1 

Count 

4 liN 

Input Leakage Current 


- 

- 

10 

pA 

5 En 

Input Noise 

BW = 0.1 to 10 Hz 

- 

20 

~ 

^Vp-p 

6 

AC Frequency Response 

±1% Error 

- 

40 to 500 — 

Hz 


±5% Error 

- 

40 to 2000 - 

7 

Open Circuit Voltage 
for OHM Measurements 

Excludes 200 H Range 

- 

570 

660 

mV 

8 

Open Circuit Voltage 
for LO OHM Measurement 

Excludes 200 H Range 

- 

285 

350 

mV 

9 VcOM 

Analog Common Voltage 

(V^ -VcoM) 

2.5 

2.6 

3.3 

V 

10 VcTC 

Common Voltage 
Temperature Coefficient 


- 

- 

50 

ppm/°C 

11 

Display Multiplex Rate 


— 

100 

— 

Hz 

_j 

> 

CM 

Low Logic Input 

20 mA, AC, I, Low O, HCLD 

Range, -MEM, CHMs 
(Relative to DIG GND Pin 56) 

- 

- 

1 

V 

13 

Logic 1 Pull Up Current 

20 mA, AC, I, Low O, HCLD 

Range, -MEM, CHMs 
(Relative to DIG GND Pin 56) 

~ 

25 

- 

fxA 

14 

Buzzer Drive Frequency 


— 

4 

— 

kHz 

15 

Low Battery Flag Voltage 

Vcc to VssA 

6.3 

6.6 

7.0 

V 

16 

Operating Supply Current 


- 

0.8 

1.5 

mA 

Note: 

1. 200 n range open circuit voltage approximately 2.8 V. 
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Pin Description and Function Table 1: 

PIN NO. 

(Quad Fiat 

SYMBOL 

DESCRIPTION 

Package) 

1 

OHM 

Logic Input. “0” (Digital Ground) for resistance measurement. 

2 

20 mA 

Logic Input. “0” (Digital Ground) for 20 mA full-scale current measurement. 

3 

BUZ 

Audio frequency, 4 kHz, output for continuity indication during resistance measurement. A non- 
continuous 4 kHz signal is output to indicate an input overrange during voltage or current 
measurements. 

4 

XTAL1 

32.768 kHz Crystal Connection. 

5 

XTAL2 

32.768 kHz Crystal Connection. 

6 

VDISP 

Sets peak LCD drive signal: VP = VCC-VDISP. VDISP may also be used to compensate for 
temperature variation of LCD crystal threshold voltage. 

7 

BP1 

LCD Backplane #1. 

8 

BP2 

LCD Backplane #2. 

9 

BP3 

LCD Backplane #3. 

10 

Low n/A 

LCD Annunciator segment drive for low ohms resistance measurement and current measurement. 

11 

n/v 

LCD Annunciator segment drive for resistance measurement and voltage measurement. 

12 

K/m/HOLD 

LCD Annunciator segment drive for k (“kilo-ohms”), m (“milli-amps” and “milli-volts”) and HOLD 
mode. 

13 

BCPO 

(Ones digit). 

LCD segment drive for “b,” “c” segments and decimal point of least significant digit (LSD). 

14 

AGDO 

LCD segment drive for “a,” “g,” “d” segments of LSD. 

15 

FEO 

LCD segment drive for “f” and “e” segments of LSD. 

16 

BCP1 

LCD segment drive for “b,” “c” segments and decimal point of 2nd LSD. 

17 

AGD1 

LCD segment drive for “a,” “g,” “d” segments of 2nd LSD (Ten’s digit). 

18 

FE1 

LCD segment drive for “f,” and “e” segments of 2nd LSD. 

19 

BCP2 

LCD segment drive for “b,” “c,” and decimal point of 3rd LSD. (Hundreds digit). 

20 

AGD2 

LCD segment drive for “a,” “g,” “d” segments of 3rd LSD. 

21 

FE2 

LCD segment drive for “b” and “c” segments of 3rd LSD. 

22 

BCP3 

LCD segment drive for “b,” “c” segments and decimal point of MSD (Thousand’s digit). 

23 

AC/-/AUTO 

LCD annunciator drive signal for AC measurements, polarity, and auto-range operation. 

24 

-MEM/BATT 

mode. 

LCD annunciator drive signal for low battery indication and memory (relative measurement) 

25 

VSSD 

Negative battery supply connection for internal digital circuits. Connect to negative terminal 
of battery. 

26 

VCC 

Positive battery supply connection. 

27 

COM 

Analog circuit ground reference point. Nominally 2.6 V below VCC. 

28 

RMREFH 

Ratiometric (Resistance measurement) reference high voltage. 

29 

RMREFL 

Ratiometric (Resistance measurement) reference low voltage. 

30 

CREFL 

Reference capacitor negative terminal CREF = 0.1 /uf. 

31 

CREFH 

Reference capacitor positive terminal CREF = 0.1 juf. 

32 

REFHI 

Reference voltage for voltage and current measurement. Nominally 163.85 mV. 

33 

nR1 

Standard resistor connection for 200 0 full-scale. 

34 

nR2 

Standard resistor connection for 2000 fl full-scale. 
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Pin Description and Function Table 1: 

PIN NO. 

(Quad Flat 

SYMBOL 

DESCRIPTION 

Package) 

35 

nR3 

Standard resistor connection for 20 kn full-scale range. 

36 

nR4 

Standard resistor connection for 200 kfl full-scale range. 

37 

nR5 

Standard resistor connection for 2000 kH full-scale range. 

38 

VR3 

Voltage measurement 100 attenuator. 

39 

VR2 

Voltage measurement ^ 10 attenuator. 

40 

VR5 

Voltage measurement ^ 10,000 attenuator. 

41 

VR4 

Voltage measurement ^ 1000 attenuator. 

42 

Vi 

Unknown voltage input h- i attenuator. 

43 

li 

Unknown current input. 

44 

ACVL 

Low output of AC to DC converter. 

45 

Cl 

Integrator capacitor connection. Nominally 0.1 /uf. (Low dielectric absorption. Polypropylene 
dielectric suggested). 

46 

CAZ 

Auto-zero capacitor connection. Nominally 0.1 )uf. 

47 

Rx 

Unknown resistance input. 

48 

CFI 

Input filter connection. 

49 

ADI 

Negative input of internal AC to DC operational amplifier. 

50 

ADO 

Output of internal AC to DC operational amplifier. 

51 

RHBUF 

Active buffer output for resistance measurement. Integration resistor connection. Integrator 
resistor nominally 220 kO. 

52 

RVIBUF 

Active buffer output for voltage and current measurement. Integration resistor connection. 
Integration resistor nominally 150 kn. 

53 

ACVH 

Positive output of AC to DC converter. 

54 

VSSA 

Negative supply connection for analog circuits. Connect to negative terminal of 9 V battery. 

55 

DIG GND 

Internal logic digital ground. The logic “0” level. Nominally 4.7 V below VCC. 

56 

RANGE 

Input to set manual operation and change ranges. 

57 

HOLD 

Input to hold display, connect to DIG GND. 

58 


1 nput to enter memory measurement mode for relative measurements. The two LSD’s are stored 
and subtracted from future measurements. 

59 

DC/^, 
n/LOW n 

Input that selects AC or DC option during voltage/current measurements. For resistance 
measurements, the ohms or low power (voltage) ohms option can be selected. 

60 

T 

Input to select current measurement. Set to logic “0” (Digital ground) for current measurement. 
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Figure 2: TSC815 Analog Section 
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Resistance, Voltage, Current 
Measurement Selection 

The TSC815 is designed to measure voltage, current, and 
resistance. Auto-ranging is avai lable for resistance and vol¬ 
tage measurements. The OHMS (Pin 1) and I (Pin 60) input 
controls are normally pulled internally to Vcc. 

By tying these pins to Digital Ground (Pin 56), the TSC815 is 
configured internally to measure resistance, voltage, or 
current. The required signal combinations are shown in 
Table 2. 


Table 2: TSC815 Measurement Selection Logic 


Function Select Pin 
OHM (Pin 1) I (Pin 60) 

Seiected Measurement 

0 

0 

Voltage 

0 

1 

Resistance 

1 

0 

Current 

1 

1 

Voltage 


0 = Digital Ground 
1 = Floating or Tied to Vcc 

Notes: 

1. OHM & I are normally pulled internally high to VCC (Pin 
26). 

This is considered a logic “1.” 

2. Logic “0” is the potential at digital ground (Pin 55). 

Resistance Measurements — 

OHMS & Low Power OHMS 

The TSC815 can be configured to reliably measure in-circuit 
resistances shunted by semiconductor junctions. TheTSC815 
low power ohms measurement mode limits the probe open 
circuit voltage. This prevents semiconductor junctions in the 
measured system from turning on. 

In the resistance measurement mode the n/LOWn (Pin 59) 
input selects the low power ohm s meas urement mode. For 
low power ohms measurements H/LOWn (Pin 59) is momen¬ 
tarily brought low to digital ground potential. The TSC815 
sets up for a low power ohms measurement with a maximum 
open circuit probe voltage of 0.35 V above analog common. 
In the low power ohms mode an LCD display annunciator, 
LOWn, will be activated. On power up the low power ohms 
mode is not active. 

If the ma nual operating mode has been selected, toggling 
n/LOWn will reset the TSC815 back to the auto-range mode. 
In manual mode, the decision to make a normal ot^ow power 
ohms measurement should be made before selecting the 
desired range. 


The low power ohms measurement is not available on the 
100 n full-scale range. Open circuit voltage on this range is 
below 2.8 V. 

The standard resistance values are listed in Table 3. 


Table 3: Ohms Range Ladder Network 


Full-Scaie 

Range 

standard 

Resistance 

Low Power 
Ohms Mode 

200 il 

163.85 a (R1) 

NO 

2000 (i 

1638.5 a (R2) 

YES 

20 ka 

16,358 a (R3) 

YES 

200 kn 

163850 a (R4) 

YES 

2,000 ka 

1,638,500 a (R5) 

YES 


N/A = Not available. 

R8, a positive temperature coefficient resistor, and the 6.2 V 
zener, Z1 in Figure 1 provide input voltage protection during 
ohms measurements. 

Ratiometric Resistance Measurements 

The TSC815 measures resistance ratiometrically. Accuracy is 
set by the external standard resistors connected to Pin 33 
through 37. A low-power ohms mode may be selected on all 
but the 200 O full-scale range. The low power ohms mode 
limits the voltage applied to the measured system. This allows 
accurate “in-circuit” measurements when a resistor is shunted 
by semiconductor junctions. 

Full auto-ranging is provided. External precision standard 
resistors are automatically switched to provide the proper 
range. 

Figure 3 shows a detailed block diagram of the TSC815 con¬ 
figured for ratiometric resistance measurements. During the 
signal integrate phase the reference capacitor charges to a 
voltage inversely proportional to the measured resistance- 
RX. Figure 4 shows the conversion accuracy relies on the 
accuracy of the external standard resistors only. 

Normally the required accuracy of the standard resistances 
will be dictated by the accuracy specifications of the users 
end product. Table 4 gives the equivalent ohms per count for 
various full-scale ranges to allow users to judge the required 
resistor accuracy. 


Table 4: Reference Resistors 


Full-Scaie 

Range 

Reference 

Resistor 

a/COUNT 

200 

163.85 

0.1 

2 k 

1638.5 

1 

20 k 

16385 

10 

200 k 

163850 

100 

2 M 

1638500 

1000 
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Voltage Measurement 

Resistive dividers are automatically changed to provide in 
range readings for 200 mV to 2000 V full-scale readings 
(Figure 2). The input resistance is set by external resistors 
R14/R13. The divider leg resistors are R9-R12. The divider leg 
resistors give a 200 mV signal VI (Pin 42) for full-scale vol¬ 
tages from 200 mV to 2000 V. 

For applications which do not require a 10 mH input impe¬ 
dance the divider network impedances may be lowered. This 
will reduce voltage offset errors induced by switch leakage 
currents. 


Current Measurement 

The TSC815 measures current only under manual range 
operation. The two user selectable full-scale ranges are: 
20 mA and 200 mA. Select the current measurement mode by 
holding the I input (Pin 60) low at digital ground potential. 

W TELEDYNE SEMICONDUCTOR 


The OHM input (Pin 1) is left floating or tied to the positive 
supply. 

Two ranges are possible. The 20 mA full-scale range is 
selected by connecting the 20 mA input (Pin 2) to digital 
ground. If left floating the 200 m A full-scale range is selected. 

External current to voltage conversion resistors are used at 
the li input (Pin 43). For 20 mA measurements a 10 n resistor 
is used, the 200 mA range needs a 1 n resistor. Full-scale is 
200 mV. 

PC board trace resistance between analog common and R16 
(See Figure 1) must be minimized. In the 200 mA range, for 
example, a 0.05 trace resistance will cause a 5% current to 
voltage conversion error at li (Pin 43). 

The extended resolution measurement option operates during 
current measurements. 

To minimize rollover error the potential difference between 
analog common (Pin 27) and system common must be 
minimized. 
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Example: 200 kfl Full-Scale Measurement 


(a) VR ^ 

(b) VX = 


163.85 kfl 


. X 0.64 


163.85 + 220 + RX 
_ RX 

163.85 kli + 220 + RX 

+ RX 


-X 0.64 


(c) “Ramp Up Voltage” = “Ramp Down Voltage” 


VX 


XT, = 


Tde 


R|C| RiCi 

Where: 

Ri = Integrating Resistor, Ti = Integrate Time 
Cl = Integrating Capacitor, Tde = Deintegrate Time 


i^) 


(d) RX = 163.851 
Independent of Ri, Ci or Internal Voltage Reference 


Figure 4: Resistance Measurement Accuracy Set by External Standard Resistor 



SIGNAL REFERENCE 

TSCBIb integrate DEINTEGRATE 

^ ^ PHASE PHASE 



External Crystal = 32.768 kHz 

Internal Clock Period = Tp = 2/32.768 = 61.04 /jls 

Total Conversion Time = Tconv = 8000 (Tp) 

= 488.3 ms - 2 CONV/SEC 

Integration Time = Ti = 1638.5 (Tp) = 100.0 ms 
Maximum Reference Deintegrate Time 

= Tde == 3000 (Tp) == 183.1 ms (Manual, Extended Resolution) 
= 2000 (Tp) = 122.1 ms (Auto-Range) 

Minimum Auto-Zero Time 

= (8000-3000-1638.5) (Tp) = 205.1 ms (Manual, Extended 

Resolution) 

= (8000-2000-1638.5) (Tp) = 266.2 ms (Auto-Range) 


Figure 5: Basic TSC815 Conversion Timing 


Measurement Options 
AC to DC Measurements 

In voltage and current measurements the TSC815 can be 
configured for AC measurements. An on chip operational 
amplifier and external rectifier components perform the AC 
to DC conversion. 

When power is first applied the TSC815 enters the DC mea- 
surement mode. For AC measurements (current or voltage), 
AC/DC (Pin 59) is momentarily brought lowto digital ground 
potential: the TSC815 sets-up for AC measurements and the 
AC liquid crystal display annunciator activates. Toggling 
AC/DC low again will return the TSC815 to DC operation. 

If the manual operating mode has been selected toggling 
AC/DC will reset the TSC815 back to the auto-range mode. In 
manual mode operation AC or DC operation should be 
selected first and then the desired range selected. 


The minimum AC voltage full-scale voltage range is 2V. The 
DC full-scale minimum voltage is 200 mV. 

AC current measurements are available on the 20 mA and 
100 mA full-scale current range. 

Conversion Timing 

The TSC815 analog-to-digital converter uses the conven¬ 
tional dual slope integrating conversion teghnique with an 
added phase that automatically eliminates zero offset errors. 
The TSC815 gives a zero reading with a zero volt Input. 

The TSC815 is designed to operate with a 32.768 kHz crystal. 
The 32 kHz crystal is low cost and readily available: it serves 
as a time base oscillator crystal in many digital clocks. (See 
External Crystal Sources). 

The external clock is divided by two. The internal clock fre¬ 
quency is 16.348 kHz giving a clock period of 61.04 ns. The 
total conversion — auto-zero phase, signal integrate and 
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reference deintegrate — requires 8000 clock periods or 488.3 
ms. There are approximately two complete conversions per 
second. 

The integration time is fixed at 1638.5 clock periods or 100 
ms. This gives rejection of 50/60 Hz AC line noise. 

The maximum reference deintegrate time, representing a full- 
scale analog input, is 3000 clock periods or 183.1 ms during 
manual extended resolution operation. The 3000 counts are 
available in manual mode, extended resolution operation only. 
In auto-ranging mode the maximum deintegrate time is 2000 
clock periods. The 1000 clock periods are added to the auto- 
zero phase. An auto-ranging or manual conversion takes 
8000 clock periods. After a zero crossing is detected in the 
reference deintegrate mode, the auto-zero phase is entered. 

Figure 5 shows the basic TSC815 timing relationships. 

Manual Range Selection 

The TSC815 voltage and resistance au to-rangi ng feature 
can be disabled by momentarily bringing RANGE (Pin 56) to 
digital ground potential (Pin 55). When the change from 
auto-to-manual ranging occurs the first manual range se¬ 
lected is the last range in the auto-ranging mode. 

The TSC815 power-up circuit selects auto-range operation 
initially. Once the manual range option is entered, range 
changes are made my momentarily grounding the RANGE 
control input. The TSC815 remains in the manual range 
mode until the measurement function (voltage or resistance) 
or measurement option (AC/DC, n/LO O) changes. This 
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causes the TSC815 to return to auto-ranging operation. 

The “Auto” LCD annunciator driver is active only in theauto- 
range mode. 

Table 5 shows typical operation where the manual range 
selection option is used. Also shown is the extended resolu¬ 
tion display format. 


Extended Resolution Manual Operation 

The TSC815 extends resolution by 50% when operated in the 
manual range select mode for current, voltage, and resis¬ 
tance measurements. Resolution increases to 3000 counts 
from 2000 counts. The extended resolution feature operates 
only on the 2000 kH and 2000 V ranges during auto-range 
operation. 

In the extended resolution operating mode readings above 
1999 are displayed with a blinking “1 ” most significant digit. 
The blinking “1” should be interpreted as the digit 2. The 
three least significant digits display data normally. 

An input overrange condition causes the most significant 
digit to blink and sets the three least significant digits to 
display “000”. The buzzer output is enabled for input voltage 
and current signals with readings greater than 2000 counts in 
both manual and auto-range operation. 

For resistance measurements the buzzer signal does not 
indicate an overrange condition. The buzzer is used to indi¬ 
cate continuity. Continuity is defined as a resistance reading 
less than 19 counts. 


Table 5: Manual Range Operation 


INPUT 



DC VOLTS 

AC VOLTS 

OHM 

LO OHM 



23.5 V 

18.2 V 

18.2 kn 

2.35 MO 



RANGE 

DISPLAY 

RANGE 

DISPLAY 

RANGE 

DISPLAY 

RANGE 

DISPLAY 

POWER-ON 

200 mV 

"1”00.0 mV 

2 V 

“V’.OOO V 

200 0 

“V’OO.O 0 

2 kO 

“r’.ooo kO 

AUTO-RANGE 

2 V 

“1”.000 V 

20 V 

18.20 V 

2 kO 

■V’.OOO kO 

10 kO 

“1”0.00 kO 

OPERATION 

20 V 

“1”0.00 V 


20 kO 

18.20 kO 

200 kO 

“1”00.0 kO 



200 V 

23.5 V 



2000 kO 

“1”350 kO 


#of 

RANGE CHANGES n_r 








“T-T 

RANGE 

DISPLAY 

RANGE 

DISPLAY 

RANGE 

DISPLAY 

RANGE 

DISPLAY 


1 

200 V 

23.5 V 

20 V 

18.20 V 

20 kO 

18.20 kO 

2000 kO 

"1”350 kO 

0 

M P 

^ i 

N 2 

u A 

2 

200 mV 

‘‘V’OO.O mV 

2 V 

"V’.OOOV 

200 0 

“1 ”00.0 0 

2kO 

‘‘1”.000 kO 

3 

2 V 

1.000 V 

20 V 

18.20 V 

2 kO 

'V’.OOOkO 

20 kO 

"1”0.00 kO 

4 

20 V 

“1"3.50 V 

200 V 

18.2 V 

20 kO 

18.20 kO 

200 kO 

"1”00.0 kO 

t i 

5 

200 V 

23.5 V 

600 V 

19 V 

200 kO 

18.2 kO 

2000 kO 

"1”350 kO 

0 

N 

6 

1000 V 

24 V 

2 V 

"V’.OOO V 

2000 kO 

19 kO 

2kO 

"V’.OOO kO 

7 

200 mV 

“1"00.0 mV 

20 V 

18.20 V 

200 0 

"1’”00.0 0 

20 kO 

“1”0.00 kO 


8 

2 V 

‘‘1”.000 V 

200 V 

18.2 V 

2kO 

•r’.ooo kO 

200 kO 

"1”00.0 kO 


Notes; 

1. A flashing MSD is shown as a “1". A flashing MSD indicates the TSC815 is 
over-ranged if all other digits are zero. 

2. The first manual range selected is the last range in the auto-ranging mode. 


3. A flashing MSD with a non-zero display indicates the TSC815 has entered 
the extended resolution operating mode. An additional 1000 counts of reso¬ 
lution is available. This extended operation is available only in manual 
operation for voltage, resistance and current measurements. 

4. LJ momentary ground connection. 
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MANUAL 

RANGE 

SELECT 


TSC815 

CONTINUITY 

INDICATOR 

1 




OUTPUT 4 kHz 

AUDIO 

FREQUENCY 

YES 








CONTINUOUS 4 kHz 

BUZZER 



OVER-RANGE 

INDICATOR 



YES 

DISPLAY 





"1" 000 



I NO 

"1" = >FLASHING MSD 


IS 

RX>2000 ^ 

YES* 

DISPLAY LAST 




FLASH MSD 



1 NO 


EXTENDED 

RESOLUTION 

FEATURE 


DISPLAY 

TRUE 

READING 



•MODE ALSO OPERATES WHEN AUTO-RANGING OPERATION IS 

SELECTED AND 2 Mfi <RX <2.999 MS2 


Figure 6: Manual Range Selection; 


Resistance Measurement 


TSC815 



Figure 8: Manual Range Selection; 
Voltage Measurement 



Figure 7: Manual Range Selection; 

Current Measurement 

-MEM Operating Mode 

Bringing MEM (Pin 58) momentarily low configures the 
TSC815 “-MEM" operating mode. The -MEM LCD Annun¬ 
ciator becomes active. In this operating mode subsequent 
measurements are made relative to the last two digits (<99) 
displayed at the time MEM is low. This represents 5% of full- 
scale. The last two significant digits are stored and subtracted 
from all the following input conversions. 


A few examples clarify operation: 

Example 1: In Auto-Ranging 

Ri (N) = 18.21 kn (20 kfl Range ) - > Display 18.21 kil 
MEM “L-T - > Store 0.21 ka 

Ri (N+1) - 19.87 ka (20 ka Range) 

= > Display 19.87 - 0.21 = 19.66 ka 

Ri (N4-2) = 22.65 ka (200 ka R ange) 

= > Display 22.7 kfl & MEM Disappears 

Example 2: In Fixed Range 200.0 a Full-Scale 

Ri (N ) = 18.2 a - > Display 18.2 a 

MEM “LJ“ = > Store 8.2 n 

Ri (N+1) = 36.7 a 

= > Display 36.7 - 8.2 = 28.5 a 

Ri (N+2) = 5.8 a 

= > Display 5.8 - 8.2 = -2.4 a* 

* Will display minus resistance if following input is less than 

offset stored at fixed range 

Example 3: In Fixed Range 20.00 V Full-Scale 

Vi (N) =0.51 V = > Display 0.51 V 
MEM “LT = > Store 0.51 V 

Vi (N+1) = 3.68 V 

= > Display 3.68 - 0.51 = 3.17 V 

Vi (N+2) = 0.23 V 

= > Display 0.23 - 0.51 = -0.28 V 

Vi (N+3) = -5.21 V 

= > Display -5.21 - 0.51 = -5.72 V 
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On Power up the TSC815 “-ME M” m ode is not active. Once 
the “-MEM” is entered bringing MEM low again it returns the 
TSC815 to normal operation. 

The “-MEM” mode is also cancelled whenever the me asure - 
ment type (resistance, voltage, current, AC/DC,H/LO Cl) 
or range is changed. The LCD -MEM annunciator will be off 
in normal operation. 

In auto-range operation if the following input signal cannot 
be converted on the same range as the stored value, the 
“-MEM” mode is cancelled. The LCD annunciator is turned 
off. 

The “-MEM” operating mode can be very useful in resistance 
measurements when lead length resistance would cause 
measurement errors. 

Automatic Range Selection Operation 

When power is first applied the TSC815 enters the auto¬ 
range operating state. The auto-range mode may be entered 
from manual mode by changing the measurement function 
(resistance or volt age) or by changing the measurement 
option (AC/DC, n/LOH). 

The automatic voltage range selection begins on the most 
sensitive scale first; 200 mV for DC or 2.000 V for AC mea¬ 
surements. The voltage range selection flow chart is given in 
Figure 9. 

Internal input protection diodes to VCC (Pin 26) and VSSA 
(Pin 54) clamp the input voltage. The external 10 MH input 
resistance (See Figure 1, R14and R13) limits current safely in 
an overrange condition. 

The voltage range selection is designed to maximize resolu¬ 
tion. For input signals less than 9% of full-scale (count reading 
<180) the next most sensitive range is selected. 

An overrange voltage input condition is flagged whenever the 
internal count exceeds 2000 by activating the buzzer output 
(Pin 3). This 4 kHz signal can directly drive a piezo electric 
acoustic transducer. An out of range input signal causes the 
4 kHz signal to be on for 122 ms, off for 122 ms, on for 122 ms, 
and off for 610 ms (See Figure 15). 

During voltage auto-range operation the extended resolution 
feature operates on the 2000 V range only (See extended reso¬ 
lution operating mode discussion). 

The resistance automatic range selection procedure is shown 
in Figure 10. The 200 H range is the first range selected unless 
the TSC815 low ohms resistance measurement option is 
selected. In low ohms operation the first full-scale range tried 
is 2 kO. 

The resistance range selected maximizes sensitivity. If the 
conversion results in a reading less than 180 the next most 
sensitive full-scale range is tried. 

If the conversion is less than 19 in auto-range operation a 
continuous 4 kHz signal is output at BUZ (Pin 3). An overrange 
input does not activate the buzzer. 


Out of range input conditions are displayed by a blinking most 
significant digit with the three least significant digits set to 
“ 000 .” 

The extended resolution feature operates only on the 2000 kO 
and 2000 V full-scale range during auto-range operation. A 
blinking “1” most significant digit is interpreted as the digit 2. 
The three least significant digits display data normally. 



Figure 9: Auto-Range Operation; 
Voltage Measurement 
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START; POWER ON, FUNCTION OR MEASUREMENT OPTION CHANGE 


Figure 10: Auto-Range Operation; 

Resistance Measurement 



Figure 11: Low Battery Detector 


Low Battery Detection Circuit 

The TSC815 contains a low battery detector. When the 9 V 
battery supply has been depleted to a 7 V nominal value the 
LCD display low battery annunciator is activated. 

The low battery detector is shown in Figure 11. The low battery 
annunciator is guaranteed to remain OFF with the battery 
supply greater than 7.0 V. The annunciator is guaranteed to 
be ON before the supply battery has reached 6.3 V. 


Triplex Liquid Crystal Drive 


The TSC815 directly drives a triplexed liquid crystal display 
(LCD) using 1/3 bias drive. All data, decimal point, polarity 
and function annunciator drive signals are developed by the 
TSC815. A direct connection to a triplex LCD display is 
possible without external drive electronics. Standard and 
custom LCD displays are readily available from LCD manu¬ 
facturers. 



The LCDs must be driven with an AC signal having a zero DC 
component for long display life. The liquid crystal polariza¬ 
tion is a function of the RMS voltage appearing across the 
backplane and segment driver. The peak drive signal applied 
to the LCD is: VCC-VDISP. 

If VDISP, for example, is set at a potential 3 V below VCC the 
peak drive signal is: 

Vp = VCC-VDISP-3 V 

An “OFF” LCD segment has an RMS voltage of Vp/3 across it 
or 1 volt. An “ON” segment has a 0.63 Vp signal across it or 
1.92 V for VCC-VDISP = 3 V. 

Since the VDISP pin isavailabletheusermayadjustthe“ON” 
and “OFF” LCD levels for various manufacturer’s displays by 
changing Vp. Liquid crystal threshold voltage moves down 
with temperature. 


VCC 



"OFF"-Vp/3 RMS 


"ON" Vp RMS 

3vT 


Figure 12: 1/3 Bias LCD Drive 
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“OFF” segments may become visible at high LCD operating 
temperatures. A voltage with a -5 to -20 mV/° C temperature 
coefficient can be applied to VDISP to accommodate the 
liquid crystal temperature operating characteristics if 
necessary. 

The TSC815 internally generates two intermediate LCD drive 
potentials (Vh & Vl) from a resistive divider (Figure 12) 
between VCC (Pin 26) and VDISP (Pin 6). The ladder impe¬ 
dance is approximately 150 kO. This drive method is 
commonly known as 1/3 bias. With Vdisp connected to digital 
ground Vp*= 5.0 V. 


External Crystal 

The TSC815 is designed to operate with a 32,768 Hz crystal. 
This frequency is internally divided by two to give a 61.04 ^ts 
clock period. One conversion takes 8000 clock periods or 
488.3 msec (« 2 conversions/second). Integration time is 
1638.5 clock periods or 100 ms. 

The 32 kHz quartz crystal is readily available and inexpensive. 
The 32 kHz crystal is commonly used in digital clocks and 
counters. 

Several crystal sources exists. A partial listing is: 


The intermediate levels are needed so that drive signals 
giving RMS “ON” and “OFF” levels can be generated. Figure 
13 shows a typical drive signal and the resulting wave forms 
for “ON” and “OFF” RMS voltage levels across a selected 
LCD element. 

LCD Displays 

Although most users will design their own custom LCD 
display, several manufacturers offer standard displays for the 
TSC815. Figure 14 shows a typical display available from 
Varitronix. 


• Statek Corporation 
512 N. Main 
Orange, CA 92668 
(714) 639-7810 
TWX: 910-593-1355 
TELEX: 67-8394 

• Daiwa Sinku Corporation 
1389, Shinzaike - AZA-Kono 
Hirakacho, Kakogawa Hyogo, Japan 
Tel: 0794-26-3211 


1. Varitronix Ltd. 

9/F Liven House, 61-63, King Yip Street 
Kwun Tjong, Hong Kong 
Tel: 3-410286 
TELEX: 36643 VTRAX HX 
Part No.: VIM 310-1 Pin Connector 

VIM 310-2 Elastomer Connector 

USA OFFICE: 

VL Electronics Inc. 

2775 Glendower Ave. 

Los Angeles, CA 90027 
Tel. (213) 661-8883 
TELEX: 821554 

2. Adamant Kogyo Co., LTD. 

16-7, Shinden, 1-Chome, Adachi-Ku, Tokyo, 123, Japan 
Tel: Tokyo 919-1171 


• International Piezo LTD 
24-26, Sze Shan Street 
Yau Ton, Hong Kong 
TLX: 35454 XTAL HX 
Tel: 3-3501151 

Contact manufacturer for full specifications. 


BACKPLANES 




Waveforms to Generate 3 


SEGMENTS 




0(FE-BP2) 

"OFF" 




Vvr 


"'avr'''' 






3vT" 


Figure 13: Triplex LCD Drive Waveforms 


TELEDYNE SEMICONDUCTOR 


7 - 38 




























3 1/2 Digit Auto-Ranging 
Anaiog-to-Digitai Converter 

• Triplex LCD Drive 

• Display Hold Function_TSC815 





DIMENSIONS IN MM (NOT TO SCALE) 



Figure 14: Typical LCD Display Configuration 
TSC815 Triplex 


“Buzzer” Drive Signai 

The TSC815 BUZ output (Pin 3) will drive a piezo electric 
audio transducer. The signal is activated to indicate an input 
overrange condition for current and voltage measurements 
or continuity during resistance measurements. 

During a resistance measurement a reading less than 19 on 
any full-scale range causes a continuous 4 kHz signal to be 
output. This is used as a continuity indication. 

A voltage or current input measurement overrange is indi¬ 
cated by a non-continuous 4 kHz signal at the BUZ output. 
The LCD display MSD also flashes and thethree least signifi¬ 
cant digits are set to display zero. The buzzer drive signal for 
overrange is shown in Figure 15. The buzzer output is active 
for any reading over 2000 counts in both manual and auto¬ 
range operation. The buzzer is activated during an extended 
resolution measurement. 

The BUZ signal swings from VCC (Pin 26) to Digital Ground 
(Pin 55). The signal is at VCC when not active. 

The buz output is also activated for 15 ms whenever a range 
change is made in auto-range or manual operation. Changing 
the type of measurement (voltag e, cur rent, or resistance) or 
measurement option (AC/DC, n/LOH) will also activate the 
buzzer output for 15 ms. A range change during a current 
measurement will not activate the buzzer output. 


1 PAD 1 BP1 

BP2 

BP3 

PAD 

COM1 

COM2 

COM3 

1 

BP1 

/ 

/ 

19 

/ 

/ 

/ 

2 

/ 

BP2 

/ 

20 

/ 

/ 

/ 

3 


/ 

BP3 

21 

/ 

/ 

/ 

4 

/ 

ion 

A 

22 

/ 


/ 
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/ 

n 

V 

23 

/ 

/ 

/ 

6 

HOLD 

k 

m 

24 

/ 

/ 

/ 

7 

b1 

cl 

/ 

25 

/ 

/ 

/ 

8 

a1 

gi 

d1 

26 

/ 

/ 

/ 

9 

f1 

el 

/ 

27 

/ 

/ 

/ 

10 

b2 

1 

c2 

1 

P2 

28 

/ 

/ 

/ 

11 

a2 

g2 

d2 

29 

/ 

/ 

/ 

12 

f2 

82 

/ 

30 

/ 

/ 

/ 

13 

b3 

c3 

P3 

31 

/ 

/ 

/ 

14 

a3 

g3 

d3 

32 

/ 

/ 


16 

f3 

e3 

/ 

33 

/ 

/ 

' 

16 

b4 

c4 

P4 

34 

/ 

/ 


17 

AC 

C=3 

AUTO 

35 

/ 

/ 


18 

£3 

-MEM 

/ 

36 j / 

/ 

/ 
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3 1/2 Digit Auto-Ranging 
Anaiog-to-Digital Converter 
• Triplex LCD Drive 

TSC815_• Display Hold Function 



Non-Continuous Buzzer Signal Indicates Input Overrange 


’OWER 


INTERNAL 

TSC806 

SIGNALS 


DEINTEGRATE 


BUZ 
(PIN 3) 


4000 8000 12000 

•-It-* • 

1000 CLOCK PULSES 


n 




-AUTO-RANGING 


200 mV RANGE 
OVERRANGE 


Jl_ 


U" 


2.000 V RANGE 
IN-RANGE 


wTiir 

4 kHz 4 kHz 


- ONE CYCLE OF - 


OVERRANGE BUZZER 


n 


i_r 


►-15 ms 15 ms 

DUE TO MANUAL 
RANGE CHANGE 


n 


200 mV RANGE 
EXTENDED RANGE 


15 mS| 

DUE TO DUE TO 
RANGE RANGE 
CHANGE CHANGE 


n 


XJ 


4 kHz 4kHi 
|l22mi|l22m>|l22m 


n 


-TTi 

3000 CP 


2.000 V RANGE 
OUT-OF-RANGE 


BUZZER ACTIVATED DUE TO 
PREVIOUS CONVERSION OVERRANGE 


BUZZER I 

ACTIVATED 

DUE TO 

PREVIOUS 

CONVERSION 

OVERRANGE 


Figure 15: TSC815 Timing Waveform for Buzzer Output 


Venidors for piezo electric audio transducers are: 

1. Gulton Industries 
Piezo Products Division 
212 Durham Avenue 
Metuchen, New Jersey 08840 
(201) 548-2800 

Typical P/N’s: 102-95NS, 101-FB-00 

2. Talyo Yuden (USA) Inc. 

Arlington Center 

714 West Algonquin Road 

Arlington Hts., III. 60005 

Typical P/N’s: CB27BB, CB20BB, CB355BB 


Display Decimal Point Selection 

The TSC815 provides a decimal point LCD drive signal. The 
decimal point position is a function of the selected full-scale 
range as shown in Table 6. 

Table 6: Decimal Point Selection 



1 • 9 

• 9 

• 9 

Full-Scale Range 

DP3 

DP2 

DPI 

2000 V, 2000 kn 

OFF 

OFF 

OFF 

200.0 V, 200.0 kn 

OFF 

OFF 

ON 

20.00 V, 20.00 kn 

OFF 

ON 

OFF 

2.000 V, 2.000 kn 

ON 

OFF 

OFF 

200.0 mV, 200.0 n 

OFF 

OFF 

ON 

20.00 mA 

OFF 

ON 

OFF 

200.0 mA 

OFF 

OFF 

ON 
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3 1/2 Digit Auto-Ranging 
Analog-to-Digital Converter 

• Triplex LCD Drive 

• Display Hold Function_ 


AC to DC Converter Operational Amplifier 

The TSC815 contains an on chip operational amplifier that 
may be connected as a rectifier for AC to DC voltage and 
current measurements. Typical operational amplifier charac¬ 
teristics are: 

• Slew Rate: 1 V/^s 

• Unity Gain Bandwidth: 0.4 MHz 

• Open Loop Gain: 44 dB 

• Output Voltage Swing (Load = 10 kH) ±1.5 V 
(Reference to Analog Common) 

When the AC measurement option is selected the input 
buffer receives an input signal through switch S14 rather 
than switch S11 (See Figure 2). With external circuits the AC 
operating mode can be used to perform other types of func¬ 
tions within the constraints of the internal operational ampli¬ 
fier. External circuits that perform true RMS conversion or 
a peak hold function are typical examples. 

Component Selection 
Integration Resistor Seiection 

The TSC815 automatically selects one of two external inte¬ 
gration resistors. RVIBUF (Pin 52) is selected for voltage and 
current measurement. ROBUF (Pin 51) is selected for resis¬ 
tance measurements. 

RVIBUF Selection (pin 52 ) 

In auto-range operation the TSC815 operates with a 200 mV 
maximum full-scale potential at VI (Pin 42). Resistive dividers 
at VR2 (Pin 39), VR3 (Pin 38), VR4 (Pin 41) and VR5 (Pin 40) 
are automatically switched to maintain the 200 mV full-scale 
potential. 

In manual mode the extended operating mode is activated 
giving a 300 mV full-scale potential at VI (Pin 42). 

The integrator output swing should be maximized but satu¬ 
rations must be avoided. The integrator will swing within 
0.45 V of VCC (Pin 26) and 0.5 V of VSSA (Pin 54) without 
saturating. A ±2 V swing is suggested. The value of RVIBUF Is 
easily calculated assuming a worst case extended resolution 
input signal: 

Vint = Integrator Swing = ±2 V 
T| = Integration Time == 100 ms 

Cl = Integration Capacitor = 0.1 juf 

Vmax = Maximum Input at Vi = 300 mV 

RVIBUF = __ = 150 ka 

Vint (Ci) 


TSC815 


RHBUF Selection (Pin 51 ) 

In ratiometric resistance measurements the signal at Rx (Pin 
47) is always positive with respect to analog common. The 
integrator swings negative. 

The worst case integrator swing is for the 200 n range with 
the manual, extended resolution option. 

The input voltage VX (Pin 47) is easily calculated (Figure 16). 
Vancom = Potential at Analog Common = 2.7 V 
Rs = 220 n 

Ri = 163.85 0 

Rx = 300 n 

Rs = Internal Switch 33 Resistance « 600 O 

ROBUF = (VCC - Vancom) Rx ^ ^ v 
(Rx ± Rs ± Ri ± Rs) 

For a 3.1 V integrator swing the value of ROBUF is easily 
calculated: 

Vint = Integrator Swing = 3.1 V 

Ti = Integration Time = 100 ms 

Cl = Integration Cap. = 0.1 /xf 

Rx Max = 300 O 

Vx Max = 700 mV 

ROBUF = (Vx MAX) (Ti) _ ^ 220 kH 

Cl (Vint) 



Figure 16: ROBUF Calculation (200 O Manual 
Operation) 
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With a low battery voltage of 6.6 V analog common will be 
approximately 3.6 V above the negative supply terminal. With 
the integrator swinging down from analog common toward 
the negative supplya3.1 Vswing will setthe integrator output 
to 0.5 V above the negative supply. 

CiNT, CAZ and CREF Capacitors 

The integration capacitor, CINT, must have low dielectric 
absorption. A 0.1 uf polypropylene capacitor is suggested. 
The auto-zero capacitor, CAZ, and reference capacitor, 
CREF, should be selected for low leakage and dielectric 
absorption. Polystyrene capacitors are good choices. 

Reference Voltage Adjustment 

The TSC815 contains a low temperature drift internal voltage 
reference. The analog common potential (Pin 27) is estab¬ 
lished by this reference. Maximum drift is a low 75 ppm/° C. 
Analog common is designed to beapproximately2.6V below 
VCC (Pin 26). A resistive divider (R18/R19, Figure 1) sets the 
TSC815 reference input voltage (REFHI, Pin 32) to approxi¬ 
mately 163.85 mV. 

With an input voltage near full-scale on the 200 mV range, 
R19 is adjusted for the proper reading. 

Display Hold Feature 

The LCD display will not be updated when FIOLD (Pin 57) is 
connected to Ground (Pin 55). Conversions are made but the 
display is not updated. A HOLD Mode LCD annunciator is 
activated when HOLD is low. 

The LCD HOLD annunciator is activated through the triplex 
LCD driver signal at Pin 12. 


Flat Package Socket 

Sockets suitable for prototype work are available. 

A USA source is; 

Nepenthe Distribution 
2471 East Bayshore 
Suite 520 

Palo Alto, CA 94303 
(415) 856-9332 
TWX: 910-373-2060 

(a) “BQ” Socket Part No.: IC51-064-042 BQ 

(b) “SO” Socket Part No.; IC51-064-042 SO 

Resistive Ladder Networks 

Resistor attenuator networks for voltage and resistance 
measurement are available from; 

Caddock Electronics 
1717 Chicago Avenue 
Riverside, CA 92507 
TEL; (714) 788-1700 
TWX; 910-332-6108 


Attenuator 

Accuracy 

Attenuator 

Type 

Caddock 
Part Number 

0 .1% 

Voltage 

1776-C441 

0.25% 

Voltage 

1776-C44 

0.25% 

Resistance 

T 1794-204-1 


Package Outline 
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TSC826 
A/D Converter With 
Bar Graph Display Output 
• 2.5% Resolution 
• Direct LCD Drive 
• Bar/Dot Display Format 


General Description 

In many applications a graphical display is preferred over a 
digital display. Knowing a process or system operates, for 
example, within design limits is more valuable than a direct 
system variable readout. A bar or moving dot display sup¬ 
plies information precisely without requiring further inter¬ 
pretation by the viewer. 

The TSC826 is a complete analog-to-digital converter with 
direct liquid crystal (LCD) display drive. The 40 LCD data 
segments plus zero driver give a 2.5% resolution bar display. 
Full-scale differential input voltage range extends from 
20 mV to 2 V. The TSC826 sensitivity is 500 )uV. A low drift 
35 ppm/°C internal reference, LCD backplane oscillator and 
driver, input polarity LCD driver, and overrange LCD driver 
make designs simple and low cost. The CMOS design re¬ 
quires only 125 fiA from a 9 V battery. In +5 V systems a 
TSC7660 DC to DC converter can supply the -5 V supply. 
The differential analog input leakage is a low 10 pA. 

Two display formats are possible. The BAR mode display is 
like a “thermometer” scale. The LCD segment driver that 
equals the input plus all below it are on. The DOT mode acti¬ 
vates only the segment equal to the input. In either mode the 
polarity signal is active for negative input signals. An over¬ 
range input signal causes the display to flash and activates 
the overrange annunciator. A hold mode can be selected that 
freezes the display and prevents updating. 

The dual slope integrating conversion method with auto¬ 
zero phase maximizes noise immunity and eliminates zero- 
scale adjustment potentiometers. Zero-scale drift is a low 
5 n\l/°C. Conversion rate is typically 5 per second and is 
adjustable by a single external resistor. 

A compact, 0.5” square, flat package minimizes PC board 
area. The high pin count LSI package makes multiplexed 
LCD displays unnecessary. Low cost, direct drive LCD dis¬ 
plays offer the widest viewing angle and are readily available. 
A standard display is available now for TSC826 prototyping 
work. 


Features 

• Bipolar A/D Conversion 

• 2.5% Resolution 

• Direct LCD Display Drive 

• “Thermometer” Bar or Dot Display 

• 40 Data Segments Plus Zero 

• Overrange Plus Polarity Indication 


• Precision On-Chip Reference. 35 ppm/°C 

• Differential Analog Input 

• Low Input Leakage . 10 pA 


• Display Flashes on Overrange 

• Display Hold Mode 

• Auto-Zero Cycle Eliminates Zero Adjust Potentiometer 

• 9 V Battery Operation 

• Low Power Consumption. 1.1 mW 

• 20 mV to 2.0 V Full-Scale Operation 

• Non-Multiplexed LCD Drive for Maximum Viewing Angle 


Ordering Information 


Part No. 

Package 

Temperature 

Range 

TSC826CBQ 

60-Pin Plastic 

Quad Flat Package 
Formed Leads 

0°C to 70° C 

TSC826CSQ 

60-Pin Plastic 

Quad Flat Package 
Straight Leads 

0 °C to 70° C 

TSC826Y 

CHIP 

0°C to 70° C 

Pin Configuration 
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A/D Converter With 
Bar Graph Display Output 
• 2.5% Resolution 
• Direct LCD Drive 

TSC826 _• Bar/Dot Dispiay Format 


Absolute Maximum Ratings 


Supply Voltage (V^ to V ).... 15 V 

Analog Input Voltage (either input)'” .. V* to V~ 

Package Power Dissipation 

Flat Package (B, S) .. 500 mW 


Operating Temperature 

(“C” Devices) .0°C to +70° C 

Storage Temperature . -65°C to+160°C 

Lead Temperature (Soldering, 60 sec) . 300° C 


Electrical Characteristics: Vs = 9 V, ROSC = 430 kn, TA = 25“C, Puli-Scale = 20 mV uniess otherwise stated. 


NO. 

SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

MIN 

TSC826 

TYP 

MAX 

UNIT 

1 

- 

Zero Input Reading 

ViN = 0.0 V 

-0 

±0 

+0 

Display 

2 

- 

Zero Reading Drift 

ViN = 0.0 V 

0°C<Ta<70°C 

- 

0.2 

1 

mV/°C 

3 

NL 

Linearity Error 

Max Deviation From 

Best Straight Line 

-1 

0.5 

+1 

Count 

4 

- 

Rollover Error 

-V|N = +V|N 

-1 

0 

+1 

Count 

5 

EN 

Noise 

ViN = 0 V 

— 

60 

- 

mVp-p 

6 

ILK 

Input Leakage 

Current 

ViN = 0 V 

- 

10 

20 

pA 

7 

CMRR 

Common-Mode 

Rejection Ratio 

VCM = ±1 V 

ViN = 0 V 

- 

50 

- 

mV/v 

8 

- 

Scale Factor 

Temperature Coefficient 

0<Ta<70°C 

External Ref. Temperature 
Coefficient = 0 ppm/°C 

- 

1 

- 

ppm/°C 

9 

VCTC 

Analog Common 
Temperature Coefficient 

250 kn Between^ 

Common and V 
0 °C<Ta<70°C 

- 

35 

100 

ppm/°C 

10 


Analog Common 

Voltage 

250 kn Between 

Common and Vs 

2.7 

2.9 

3.35 

V 

11 

VSD 

LCD Segment 

Drive Voltage 


4 

5 

6 

Vp-p 

12 

VBD 

LCD Backplane 

Drive Voltage 


4 

5 

6 

Vp-p 

13 

1 

Power Supply Current 


- 

125 

175 

fxA 


Notes: 

1. Input voltages may exceed the supply voltages when the input current is 
limited to 100 /xA. 

2. vStatic sensitive device. Unused devices should be stored in conductive 
material to protect devices from static discharge and static fields. 

3. Backplane drive is in phase with segment drive for “off” segment and 180°C 
out of phase for “on” segment. Frequency is 10 times conversion 

rate. 

4. Logic input pins 58, 59, 60 should be connected through 1 MH series 
resistors to Vs for logic 0. 
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A/D Converter With 
Bar Graph Display Output 

• 2.5% Resolution 

• Direct LCD Drive 

• Bar/Dot Display Format_ TSC826 


Pin Description and Function 

PIN NO. 

NAME 

DESCRIPTION 

1 

Analog 

Common 

Establishes the internal analog ground point. Analog common is set to 2^9 V below the positive supply 
by an internal zener reference circuit. The voltage difference between Vs and analog-common can be 
used to supply the TSC826 voltage reference input at REF IN (Pin 4). 

2 

+IN 

Positive analog signal input. 

3 

-In 

Negative analog signal input. 

4 

REF IN 

Reference voltage positive input. Measured relative to analog-common. REF IN « Full-Scale/2. 

5 

Cref + 

Reference capacitor connection. 

6 

Cref - 

Reference capacitor connection. 

7 

Vs 

Positive supply terminal. 

8 

VBUF 

Buffer output. Integration resistor connection. 

9 

CAZ 

Negative comparator input. Auto-zero capacitor connection. 

10 

VINT 

Integrator output. Integration capacitor connection. 

11 

Vi 

Negative supply terminal. 

12 

OSC1 

Oscillator resistor (Rose) connection. 

13 

OSC2 

Oscillator resistor (Rose) connection. 

14 

BP 

LCD Backplane driver. 

15 

BAR 0 

LCD Segment driver: Bar 0 

16 

1 

1 

17 

2 

2 

18 

3 

3 

19 

4 

4 

20 

5 

5 

21 

6 

6 

22 

7 

7 

23 

8 

8 

24 

9 

9 

25 

10 

10 

26 

11 

11 

27 

12 

12 

28 

13 

13 

29 

14 

14 

30 

15 

15 

31 

16 

16 

32 

17 

17 

33 

18 

18 

34 

19 

19 

35 

20 

20 

36 

21 

21 

37 

22 

22 

38 

23 

23 
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A/D Converter With 
Bar Graph Display Output 
• 2.5% Resolution 
• Direct LCD Drive 


TSC826___• Bar/Dot Display Format 


Pin Description and Function (Cont.) 

PIN NO. 

NAME 

DESCRIPTION 

39 

BAR 24 

BAR Segment driver: Bar 24 

40 

25 

25 

41 

26 

26 

42 

27 

27 

43 

28 

28 

44 

29 

29 

45 

30 

30 

46 

31 

31 

47 

32 

32 

48 

33 

33 

49 

34 

34 

50 

35 

35 

51 

36 

36 

52 

37 

37 

53 

38 

38 

54 

39 

39 

55 

40 

40 

56 

OR 

LCD segment driver that indicates input out-of-range condition. 

57 

POL- 

LCD segment driver that indicates input signai is negative. 

58 

BAR/DOT 

Input iogic signal that selects bar or dot display format. Normally in bar mode. Connect to Vi through 
IMH resistor for Dot format. 

59 

HOLD 

Input logic signal that prevents display from changing. Pulled high internally to inactive state. 
Connect to Vs through IMfl series resistor for HOLD mode operation. 

60 

TEST 

Input logic signal. Sets TSC805 to BAR display mode. Bar 0 to 40, plus OR flash on and off. The POL- 
LCD driver is on. Pulled high internally to inactive state. Connect to Vs with 1 MO series resistor to 
activate. 
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A/D Converter With 
Bar Graph Display Output 

• 2.5% Resolution 

• Direct LCD Drive 

• Bar/Dot Display Format _ TSC826 

Typical TSC826 Circuit Connection (Figure 1) 



Dual Slope Conversion Principles 

The TSC826 is a dual slope, integrating analog-to>digital 
converter. The conventional dual slope converter measure¬ 
ment cycle has two distinct phases: 

• Input Signal Integration 

• Reference Voltage Integration (Deintegration) 

The input signal being converted is integrated fora fixed time 
period (Tsi). Time is measured by counting clock pulses. An 
opposite polarity constant reference voltage is then inte¬ 
grated until the integrator output voltage returns to zero. The 
reference integration time isdirectly proportional to the input 
signal (Tri). (Figure 2). 

In a simple dual slope converter a complete conversion re¬ 
quires the integrator output to “ramp-up” and “ramp-down.” 

A simple mathematical equation relates the input signal 
reference voltage and integration time: 

/ ' Tsi 

V/ Vr Tri 

V„(t)dt-^ 

. u 

where: 

Vr = Reference Voltage 

Vsi = Signal Integration Time (Fixed) 

Tri = Reference Voltage Integration Time (Variable) 

For a constant Vin: Vin = Vr 

Tsi 



FIXED I I 

SIGNAL VARIABLE 

INTEGRATE REFERENCE 
TIME INTEGRATE TIME 


Figure 2: Basic Dual Slope Converter 
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A/D Converter With 
Bar Graph Display Output 
• 2.5% Resolution 
• Direct LCD Drive 

TSC826 _• Bar/Dot Display Format 


The dual slope converter accuracy is unrelated to the 
integrating resistor and capacitor values as long as they are 
stable during a measurement cycle. An inherent bene¬ 
fit is noise immunity. Noise spikes are integrated oraveraged 
to zero during the integration periods. Integrating ADCs are 
immune to the large conversion errors that plague succes¬ 
sive approximation converters in high noise environments. 
Ihterfereing signals with frequency components at multiples 
of the averaging period will be attenuated. (Figure 3). 

The TSC826 converter improves the conventional dual slope 
conversion technique by incorporating an auto-zero phase. 
This phase eiiminates zero-scale offset errors and drift. A 
potentiometer is not required to obtain a zero output for 
zero input. 



0.1/T 1/T 10/T 

INPUT FREQUENCY 

Figure 3: Normal-Mode Rejection of Dual Slope 
Converter 
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A/D Converter With 
Bar Graph Display Output 

• 2.5% Resolution 

• Direct LCD Drive 

• Bar/Dot Display Format_ TSC826 


Theory of Operation 
Analog Section 

In addition to the basic signal integrate and deintegrate 
cycles discussed above the TSC826 incorporates an auto¬ 
zero cycle. This cycle removes buffer amplifier, integrator, 
and comparator offset voltage error terms from the conver¬ 
sion. A true digital zero reading results without external 
adjusting potentiometers. A complete conversion consists of 
three cycles; an auto-zero, signal integrate and reference 
integrate cycle. See Figure 4 and 5. 

Auto-Zero Cycle 

During the auto-zero cycle the differential input signal isdis- 
connected from the circuit by opening internal analog gates. 
The internal nodes are shorted to analog common (internal 
analog ground) to establish a zero input condition. Addi¬ 
tional analog gates close a feedback loop around the integra¬ 
tor and comparator. This loop permits comparator offset 
voltage error compensation. The voltage level established on 
CAZ compensates for device offset voltages. 

The auto-zero cycle length is 19 counts minimum. Unused 
time in the deintegrate cycle is added to the auto-zero cycle. 

Signal Integration Cycle 

The auto-zero loop is opened and the internal differential 
inputs connect to +IN and -IN. The differential input signal is 
integrated for a fixed time period. The TSC826 signal integra¬ 


tion period is 20 clock periods or counts. The externally set 
clock frequency is devided by 32 before clocking the internal 
counters. The integration time period is: 

Tsi = _?£_X20 

Where: 


Fosc == External Clock Frequency 


The differential input voltage must be within the device 
common-mode range when theconverterand measured sys¬ 
tem share the same power supply common (ground). If the 
converter and measured system do not share the same power 
supply common, -IN should be tied to analog-common. This 
is the usual connection for battery operated systems. Polarity 
is determined at the end of signal integrate signal phase. The 
sign bit is a true polarity indication in that signals less than 
1 LSB are correctly determined. This allows precision null 
detection limited only by device noise and system noise. 



Reference Integrate Cycle 

The final phase is reference integrate or deintegrate. -IN is 
internally connected to analog common and TIN is con¬ 
nected with the correct polarity to cause the integrator out¬ 
put to return to zero. The time required for the output to 
return to zero is proportional to the input signal and is be¬ 
tween 0 and 40 counts. The digital reading displayed is: 

9n ViN 
VreF 



Figure 5: TSC826 Conversion Has Three Phases 
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Bar Graph Display Output 
• 2.5% Resolution 
• Direct LCD Drive 

TSC826 _• Bar/Dot Display Format 


System Timing 

The oscillator frequency is divided by32 priorto clocking the 
internal counters. The three phase measurement cycle takes 
a total of 80 clock pulses. The 80 count cycle is independent 
of input signal magnitude. 

Each phase of the measurement cycle has the following 
length: 

• Auto-Zero Phase: 19 to 59 Counts 

For signals less than full-scale the auto-zero phase is 
assigned the unused reference integrate time period. 

• Signal Integrate: 20 Counts 

This time period is fixed. The integration period is: 



Where Fosc is the externally set clock frequency. 

• Reference Integrate: 0 to 41 Counts 

Reference Voltage Selection 

A full-scale reading requires the input signal be twice the 
reference voltage. The reference potential is measured 
between REF IN (Pin 4) and Analog-Common (Pin 1). 


Required Full-Scale Voltage 

Vref 

20 mV 

10 mV 

2 V 

1 V 


The internal voltage reference potential available at analog- 
common will normally be used to supply the converters 
reference. This potential is stable whenever the supply po¬ 
tential is greater than approximately 7 V. In applications 
where an externally generated reference voltage is desired 
refer to Figure 6. 

The reference voltage is adjusted with a near full-scale input 
signal. Adjust for proper LCD display readout. 


v' 



Figure 6: External Reference 


Component Value Selection 
Integrating Resistor (rint) 

The desired full-scale input voltage and output current capa¬ 
bility of the input buffer and integrator amplifier set the inte¬ 
gration resistor value. The internal class A output stage am¬ 
plifiers will supply a 1 mA drive current with minimal linearity 
error. RINT is easily calculated for a 1 fxA full-scale current: 

Rint = Full-Scale Input Voltage (V) ^ VFS 

1X10~® 1X10“® 

Where: VFS = Full-Scale Analog Input 

Integrating Capacitor (cint) 

The integrating capacitor should be selected to maximize 
integrator output swing. The integrator output will swing to 
within 0.4 V of Vs or Vs without saturating. 

The integrating capacitor is easily calculated: 

ciNT= _\ 

RINT y FOSC X VINT y 

Where: VINT = Integrator Swing 

FOSC = Oscillator Frequency 

The integrating capacitor should be selected for low dielec¬ 
tric absorption to prevent roll-over errors. Polypropylene 
capacitors are suggested. 

Auto-Zero Capacitor (caz) 

CAZ should be 2-3 times largerthan the integration capacitor. 
A polypropylene capacitor is suggested. Typical values from 
0.14 iJii to 0.068 )uf are satisfactory. 

Reference Capacitor (cref) 

A 1.0 /zf capacitor is suggested. Low leakage capacitors such 
as polypropylene are recommended. 

Several capacitor/resistor combinations for common full- 
scale input conditions are given in Table 1. 


Table 1: Suggested Component Values 


Component 

2 V 

Full-Scale 

Vref « 1 V Vref 

200 mV 
Full-Scale 
- 100 mV 

20 mV 
Full-Scale 
Vref - 10 mV 

Rint 

2 MO 

200 kn 

20 kn 

Cint 

0.033 Mf 

0.033 )uf 

0.033 Mf 

Cref 

1 /xf 

1 'Mf 

1 Mf 

Caz 

0.068 /uf 

0.068 /uf 

0.14Mf 

Rose 

430 kn 

430 kn 

430 kn 


1. Approximately 5 conversions/sec. 
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Differential Signal Inputs {+iN(Pin2),-iN(Pin3)) 

The TSC826 is designed with true differential inputs and 
accepts input signals within the input stage common-mode 
voltage range (Vcm). The typical range is -1.0 to V” + 1 V. 
Common-mode voltages are removed from the system when 
the TSC826 operates from a battery or floating powersource 
(Isolated form measured system) and -IN is connected to 
analog-common (Vcom). 

In systems where common-mode voltages exist the TSC826 
72 dB common-mode rejection ratio minimizes error. 
Common-mode voltages do, however, affect the integrator 
output level. Integrator output saturation must be prevented. 
A worse case condition exists if a large positive Vcm exists in 
conjunction with a full-scale negative differential signal. The 
negative signal drives the integrator output positive along 
with Vcm. For such applications, the integrator output swing 
can be reduced below the recommended 2.0 V full-scale 
swing. The integrator output will swing within 0.3 V of Vs or 
Vi without increased linearity error. 

Digital Section 

The TSC826 contains all the segment drivers necessary to 
drive a liquid crystal display (LCD). An LCD backplanedriver 
is included. The backplane frequency is the external clock 
frequency divided by 256. A 430 kO osc gets the backplane 
frequency to approximately 55 Hz with a 5 V nominal ampli¬ 
tude. When a segment driver is in phase with the backplane 
signal the segment is “OFF.” An out-of-phase segment drive 
signal causes the segment to be “ON” or visible. This AC 
drive configuration results in negligible DC voltage across 
each LCD segment. This insures long LCD display life. The 
polarity segment driver, -POL, is “ON” for negative analog 
inputs. If +IN and -IN are reversed this indicator would re¬ 
verse. The TSC826 transfer function is shown in Figure 7. 



Figure 7: TSC826 Transfer Function 


BAR/DOT Input (Pin 58) 

The BAR/DOT input allows the user to select the display for¬ 
mat. The TSC826 powers up in the BA R mo de. Select the 
DOT display format by connecting BAR/DOT to the negative 
supply (Pin 11) through a 1 MH resistor. 


HOLD Input (Pin 59) 

The TSC826 data output latches are not updated at the end of 
each conversion if HOLD is tied to the negative supply (Pin 11) 
through a 1 Mil series resistor. The LCD display continuously 
displays the previous conversion result. 

The HOLD pin is normally pulled high by an internal pull-up. 


TEST Input (Pin 60 ) 

The TSC826 enters a test mode with the TEST input con¬ 
nected to the negative supply (Pin 11 ). The connection must 
be made through a 1 MH resistor. The TEST input is normally 
internally pulled high. A low input sets the output data latch 
to all ones. The BAR display mode is set. The 41 LCD output 
segments (zero plus 40 data segments) and overrange annun¬ 
ciator flash on and off at 1/4 the conversion rate. The polarity 
annunciator (POL-) segment will be on but not flashing. 

Overrange Display Operation (or, Pin 56) 

An out-of-range input signal will be indicated on the LCD 
display by the OR annunciator driver (Pin 56) becoming 
active. 

In the BAR display formate the 41 bar segments and the over¬ 
range annunciator, OR, will flash ON and OFF. Theflash rate 
is one fourth the conversion rate (FOSC/2560). 

In the DOT display mode, OR flashes and all other data seg¬ 
ment drivers are off. 

Polarity Indication (pol-, Pin 57 ) 

The TSC826 converts and displays data for positive and 
negative input signals. The POL- LCD segment driver (Pin 
57) is active for negative signals. 

Oscillator Operation 

The TSC826 external oscillator frequency, FOSC, is set by 
resistor ROSC connected between pins 12 and 13. The oscil¬ 
lator frequency vs resistance curve is shown in Figure 8. 
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Figure 8: Oscillator Frequency vs. ROSC 


FOSC is divided by 32 to provide an internal system clock, 
FSYS. Each conversion requires 80 internal clock cycles. 
The internal system clock is divided by 8 to provide the LCD 
backplane drive frequency. The display flash rate during an 
input out-of-range signal is set by dividing FSYS by 320. 
(See Figure 9) 



DISPLAY FLASH RATE = FOSC/10,240 


Figure 9: Internal Oscillator Operation 

The internal oscillator may be bypassed by driving OSCI (Pin 
12) with an external signal generator. OSC2 (Pin 13) should 
be left unconnected. 


The oscillator should swing from Vs to Vs in single supply 
operation (Figure 10A). In dual supply operation the signal 
should swing from power supply ground to Vs. 



Vs = 5V 


Figure 10: External Oscillator Connection 


LCD Display Format 

The input signa l can be displayed in two formats (Figure 11). 
The BAR/DOT input (Pin 58) selects the format. The TSC826 
measurement cycle operates identically for either mode. 

BAR Format 

The TSC826 power-ups in the BAR mode. BAR/DOT is pulled 
high internally. This display format is similar to a thermome¬ 
ter display. All bars/LCD segments, including zero, below the 
bar/LCD segment equalingd the input signal level are on. A 
half-scale input signal, for example, would be displayed with 
BAR 0 to BAR 20 on. 

DOT Format 

By connecting BAR/DOT to Vs through a 1 MO resistor the 
DOT mode is selected. Only the BAR LCD segment equal¬ 
ling the input signal is on. The zero segment is on for zero 
input. 

This mode is useful for moving cursor or “needle” appli¬ 
cations. 
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A. BAR MODE 


1. INPUT = 0 2. INPUT = 5% of FULL-SCALE 


BAR 4 1 - 1 

OFF 

czin 

OFF 

BAR 3 1 .. "I 

OFF 

1 j 

OFF 

BAR 2 r“ 1 

OFF 

Z/22J[ 

ON 

BAR 1 f-""' "T 

OFF 

ezz22 

ON 

BARO \ZJZZA 

ON 

{ZZZZl 

ON 

B. DOT MODE 

1. INPUT = 0 


2. INPUT = 5% of FULL-SCALE 

BAR 4 I -! 

OFF 

i - ~~l 

OFF 

BAR 3 1 - 1 

OFF 

CZl-IJ 

OFF 

BAR 2 (- ’1 

OFF 

177773 

ON 

BAR 1 1 . 1 

OFF 

(z.n 

OFF 

BAHu zzzm 

ON 

CZIZl 

OFF 

Figure 11: Display Option Formats 



LCD Displays 

Most end products will use a custom LCD display for final 
production. Custom LCD displays are low cost and available 
from all manufacturers. The TSC826 interfaces to non-multi- 
plexed LCD displays. A backplane driver is included onchip. 

To speed initial evaluation and prototype work a standard 
TSC826 LCD display is available from Varitronix. 

Varitronix Ltd. 

9/F Linen House, 61-63, King Yip Street 
Kwun Tjong, Hong Kong 
Tel: 3-410286 
TELEX: 36643 VTRAX HX 


LCD Backplane Driver (Pin 14) 

Additional drive electronics is not required to interface the 
TSC826 to an LCD display. The TSC826 has an on-chip back¬ 
plane generator and driver. The backplane frequency is: 

FBP = FOSC/256 

Figure 12 gives typical backplane driver rise/fall time vs back¬ 
plane capacitance. 



Figure 12: Backplane Driver Rise/Fall Time vs 
Capacitance 


Flat Package Socket 

Sockets suitable for prototype work are available. 
A USA source is: 


USA Office: 

VL Electronics Inc. 

2775 Glendower Avenue 
Los Angeles, CA 900027 
Tel: (213) 661-8883 
TELEX: 821554 

• Part No.: VBG412-1 (Pin Connectors) 

• Part No.: VBG412-2 (Elastomer Connectors) 


Nepenthe Distribution 
2471 East Bayshore 
Suite 520 

Palo Alto, California 94303 
(415) 856-9332 
TWX: 910-373-2060 

(a) “BQ" Socket Part No.: IC51-064-042 BQ 

(b) "SQ” Socket Part No.: IC51-064-042 SQ 



Other standard LCD displays suitable for development work 
are available in both linear and circular formats. One manu¬ 
facturer is: 


UCE Inc. 

24 Fitch Street 
Norwalk, Conn. 06855 
(203) 838-7509 

• Part No. 5040: 50 segment circular display with 

3 digit numeric scale. 

• Part No. 5020: 50 segment linear display. 
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TSC7106A (LCD Drive) 
TSC7107A (LED Drive) 
3 1/2 Digit A/D Converter 
• Low Drift Internal Reference 
• Automatic Zero Correction 


General Description 

TheTSC7106AandTSC7107A 31/2 digit direct display drive 
analog-to-digital converters allow existing 7106/7107 based 
systems to be upgraded. Each device offers a precision inter¬ 
nal voltage reference featuring a 20 ppm/®C typical, 
60 ppm°C maximum temperature drift coefficient. This 
represents a 4 to 7 times improvement over similar 31/2 digit 
converters. Existing 7106 or 7107 based systems may be 
upgraded without changing external passive component 
values. The need for a costly, space consuming external 
reference is removed. The TSC7107A drives common anode 
light emitting diode (LED) displays directly with an 8 mA 
drive current per segment. A low cost, high resolution indi¬ 
cating meter requires only a display, four resistors, and tour 
capacitors. The TSC7106A low power drain and 9 V battery 
operation make it suitable for portable applications. 

The TSC7106A/TSC7107A reduces linearity error to less 
than 1 count. Rollover error--the difference in readings for 
equal magnitude but opposite polarity input signals — is 
below ± 1 count. High impedance differential inputs offer 
1 pA leakage current and a IO 12 a input impedance. The 
differential reference input allows ratiometric measurements 
for ohms or bridge transducer measurements. The 15 /uVp-p 
noise performance guarantees a “rock solid” reading, The 
auto-zero cycle guarantees a zero display reading with a zero 
volt input. 

The TSC7106A/TSC7107A dual slope conversion technique 


Features 


• Internal Reference with Low 

Temperature Drift .20 ppm/®C Typical 

50 ppm/®C Maximum 

• Drives LCD or LED Displays Directly 

• Guaranteed Zero Reading with Zero Input 

• Low Noise for Stable Display 

• Auto-Zero Cycle Eliminates Need for Zero Adjustment 

• True Polarity Indication for Precision Null Applications 

• Convenient 9 V Battery Operation (TSC7106A) 

• High Impedance CMOS Differential Inputs .IO 12 n 

• Differential Reference Inputs Simplify Ratiometric 
Measurements 

• Low Power Operation . 10 mW 

• Available in 60-Pin Plastic Flat Package 



automatically rejects interference signals if the converters 
integration time is set to a multiple of the interference signal 
period. This is especially useful in industrial measurement 
environments where 50,60 and 400 Hz line frequency signals 
are present. 

The TSC7106A/TSC7107A are available in a small 60-pin flat 
package for compact designs. DIP devices are offered in an 
industrial temperature range and with burn-in lasting for 160 
hours at+125®C. 

Where long battery life is needed see the TSC7126 or the 
TSC7126A data sheets. 


0.1 mF 



Figure 1: Typical TSC7106A Operating Circuit 



Note: -5 V may be supplied by TSC7660. 


Figure 2: Typical TSC7107A Operating Circuit 


© 1983 
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TSC7106A (LCD Drive) 
TSC7107A (LED Drive) 


3 1/2 Digit A/D Converter 
• Low Drift Internal Reference 
• Automatic Zero Correction 


Absolute Maximum Ratings 
TSC7106A 

Supply Voltage (V^ to V”) . 15 V 

Analog Input Voltage (either input) (Note 1) — V to V" 

Reference Input Voltage (either input) . V"^ to V" 

Clock Input . Test to V"^ 

Power Dissipation (Note 2) 

CerDIP Package . 1000 mW 

Plastic Package . 800 mW 

Operating Temperature 

“C” Devices ..0®CtG+70®C 

“I" Devices.-25®C to +85®C 

Storage Temperature . -65®C to+160®C 

Lead Temperature (Soldering, 60 sec) . 300® C 


Stresses above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated 


TSC7107A 

Supply Voltage 

V* . +6V 

V .-9V 

Analog Input Voltage (either input) (Note 1) .... V"^ to V” 

Reference Input Voltage (either input) . V"*" to V” 

Clock Input .GND to V* 

Power Dissipation (Note 2) 

CerDIP Package . 1000 mW 

Plastic Package .. 800 mW 

Operating Temperature 

“C” Devices .0®C to +70® C 

“I” Devices.-25® C to +85® C 

Storage Temperature . -65®C to+160®C 

Lead Temperature (Soldering, 60 sec) . 300® C 


in the operational sections of the specifications is not implied. Exposure to 
Absolute Maximum Rating Conditions for extended periods may effect device 
reliability. 


Electrical Characteristics (Note 3) 


CHARACTERISTICS 

CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Zero Input Reading 

ViN = 0.0 V 

Full-Scale = 200.0 mV 

-000.0 

±000.0 

+000.0 

Digital Reading 

Ratiometric Reading 

ViN = VrEF 

Vref = 100 mV 

999 

999/1000 

1000 

Digital Reading 

Rollover Error (Difference in 

Reading for Equal Positive and 

Negative Reading Near Full-Scale) 

-ViN = +ViN ~ 200.0 mV 

-1 

±0.2 

+1 

Counts 

Linearity (Max. Deviation From 

Full-Scale = 200 mV 


±0.2 

+1 

Counts 

Best Straight Line Fit) 

or Full-Scale = 2.000 V 


Common-Mode 

VcM = ±1 V, ViN = 0 V. 


50 


/uV/V 

Rejection Ratio (Note 4) 

Full-Scale = 200.0 mV 



Noise (Pk - Pk Value Not 

ViN = 0 V 


15 


iuV 

Exceeded 95% of Time) 

Full-Scale = 200.0 mV 



Leakage Current @ Input 

ViN = 0 V 

- 

1 

10 

pA 


ViN = 0 V 





Zero Reading Drift 

“C" Device = 0®C to 70® C 

ViN = 0 V 

— 

0.2 

1 

mV/®C 


"1” Device = -25®C to+85® C 

— 

1.0 

2 



ViN = 199.0 mV, 





Scale Factor 

Temperature Coefficient 

"C” Device = 0°C to 70® C 
(Ext. Ref = 0 ppm/® C) 

ViN = 199.0 mV 


1 

5 

20 

ppm/® C 

ppm/®C 


“1” Device: -25® C to +85® C 





Supply Current (Does Not 

Include LED Current for TSC7107A) 

V|N=0 

- 

0.8 

1.8 

mA 

Analog Common Voltage (With 

25 kn Between Common 

2.7 

3.05 

3.35 

y 

Respect to Pos. Supply) 

and Pos. Supply 



25 kn Between Common 





Temp. Coeff. of Analog Common 

and Pos. Supply 
0 ®C<Ta<70®C 


20 

50 

ppm/® C 

(With Respect to Pos. Supply) 

"C,” Commercial Temp. 

Range Devices 






25 kn Between Common 





Temp. Coeff. of Analog Common 

and Pos. Supply 
-25 ®C<Ta<85®C 



75 

ppm/®C 

(with Respect to Pos. Supply) 

"1,” Industrial Temp. 

Range Devices 





TSC7106A ONLY Pk - Pk 

Segment Drive Voltage (Note 5) 

V“^ to V" = 9 V 

4 

5 

6 

V 
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3 1/2 Digit A/D Converter 
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TSC7106A (LCD Drive) 
TSC7107A (LED Drive) 


Electricai Characteristics 

(Note 3) 





CHARACTERISTICS 

CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

TSC7106A ONLY Pk - Pk 

Backplane Drive Voltage (Note 5) 

V'' to V" = 9 V 

4 

5 

6 

V 

TSC7107A ONLY 

Segment Sinking Current 
(Except Pin 19) 

V"^ = 5.0 V 

Segment Voltage = 3 V 

5 

8.0 

- 

mA 

TSC7107A ONLY 

Segment Sinking Current 
(Pin 19 Only) 

V'' = 5.0 V 

Segment Voltage = 3 V 

10 

16 

- 

mA 


NOTES: 


1. Input voltages may exceed the supply voltages provided the input current is 
limited to ± 100 /xA. 

2. Dissipation rating assumes device is mounted with all leads soldered to 
printed circuit board. 

3. Unless other wise noted, specifications apply to both the TSC7106A and 
TSC7107A at Ta = 25°C, fcLOCK = 48 kHz. TSC7106A is tested in the circuit 


of Figure 1. TSC7107A is tested in the circuit of Figure 2. 

4. Refer to “Differential Input” discussion. 

5. Backplane drive is in phase with segment drive for‘off’segment, 180° out of 
phase for ‘on’ segment. Frequency is 20 times conversion rate. Average 
dc component is less than 50 mV. 


Pin Configuration 









TSC7106A (LCD Drive) 
TSC7107A (LED Drive) 


3 1/2 Digit A/D Converter 
• Low Drift Internal Reference 
• Automatic Zero Correction 



Part No. 

Package 

Layout 

Range 

Drive 

TSC7106ACPL 

40-Pin 

Plastic Dip 

Normal 

0°C to 
+70'’C 

LCD 

TSC7106ARCPL 

40-Pin 

Plastic Dip 

Reverse 

0®C to 
+70^0 

LCD 

TSC7106AIJL 

40-Pin 

CerDIP 

Normal 

-25“ C to 
+85“ C 

LCD 

TSC7106ACBQ 

60-Pin 

Plastic Flat 
Package 

Formed 

Leads 

0°C to 
+70“ C 

LCD 

TSC7106ACSQ 

60-Pin 

Plastic Flat 
Package 

Unformed 

Leads 

0“C to 
+70“ C 

LCD 

TSC7107ACPL 

40-Pin 

Plastic Dip 

Normal 

0“C to 
+70“ C 

LED 

TSC7107ARCPL 

40-Pin 

CerDIP 

Reverse 

0“Cto 
+70“ C 

LED 


TSC7107AIJL 

40-Pin 

CerDIP 

Normal 

-25° C to 
+85° C 

LED 

TSC7107ACBQ 

60-Pin 

Plastic Flat 
Package 

Formed 

Leads 

0“C to 
+70° C 

LED 

TSC7107ACSQ 

60-Pin 

Plastic Flat 
Package 

Unformed 

Leads 

0“C to 
+70“ C 

LED 


i with Burn-In (160 Hours at 


TSC7106ACPL/BI 

40-Pin 

Plastic Dip 

Normal 

LCD 

TSC7107ACPL/BI 

40-Pin 

Plastic Dip 

Normal +70*^C 

LED 

TSC7107AIJL/B! 

40-Pin 

CerDIP 

Normal 

LED 


Pin Description 


40-Pln DIP 
Pin Number 
Normal 


(Reverse) 


60-Pin 

Fiat Package 
Pin Number 



Description 


Positive supply voltage. 

Activates the D section of the units display. 
Activates the C section of the units display. 
Activates the B section of the units display. 
Activates the A section of the units display. 
Activates the F section of the units display. 
Activates the G section of the units display. 
Activates the E section of the units display. 
Activates the D section of the tens display. 
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3 1/2 Digit A/D Converter 

• Low Drift Internal Reference 

• Automatic Zero Correction 


TSC7106A (LCD Drive) 
TSC7107A (LED Drive) 


Pin Description (Cont.) 


40-Pin DIP 

Pin Number 
Normal 

(Reverse) 

60-Pfn 

Flat Package 
Pin Number 

Name 

Description 

10 

(31) 

25 

C2 

Activates the C section of the tens display. 

11 

(30) 

26 

B2 

Activates the B section of the tens display. 

12 

(29) 

27 

A2 

Activates the A section of the tens display. 

13 

(28) 

28 

F2 

Activates the F section of the tens display. 

14 

(27) 

29 

E2 

Activates the E section of the tens display. 

15 

(26) 

30 

Ds 

Activates the D section of the hundreds display. 

16 

(25) 

31 

B3 

Activates the B section of the hundreds display. 

17 

(24) 

32 

F3 

Activates the F section of the hundreds display. 

18 

(23) 

33 

E3 

Activates the E section of the hundreds display. 

19 

(22) 

34 

AB4 

Activates both halves of the 1 in the thousands display. 

20 

(21) 

35 

POL 

Activates the negative polarity display. 

21 

(20) 

36 

BP 

GND 

TSC7106A: LCD Backplane drive output. 

TSC7107A: Digital Ground. 

22 

(19) 

37 

G3 

Activates the G section of the hundreds display. 

23 

(18) 

40 

A3 

Activates the A section of the hundreds display. 

24 

(17) 

41 

Cs 

Activates the C section of the hundreds display. 

25 

(16) 

43 

G2 

Activates the G section of the tens display. 

26 

(15) 

45 

v" 

Negative power supply voltage. 

27 

(14) 

46 

Vint 

Integrator output. Connection point for integration capacitor. See 
INTEGRATING CAPACITOR section for additional details. 

28 

(13) 

47 

Vbuff 

Integration resistor connection. Use a 47 kn fora 200 mV full-scale 
range and a 470 kfl for 2 V full-scale range. 

29 

(12) 

49 

Caz 

The size of the auto-zero capacitor influences the system noise. Use a 

0.47 ^iF capacitor for a 200 mV full-scale, and a 0.047 ^tF capacitor for a 

2 volt full-scale. See paragraph on AUTO-ZERO CAPACITOR for 
more details. 

30 

(11) 

51 

ViN 

The analog low input is connected to this pin. 

31 

(10) 

55 

ViN 

The analog high input signal is connected to this pin. 

32 

(9) 

57 

Analog 

Common 

This pin is primarily used to set the analog common-mode voltage for 
battery operation or in systems where the input signal is referenced to the 
power supply. See paragraph on ANALOG COMMON for more details. It also 
acts as a reference voltage source. 

33 

(8) 

58 

Cref 

See pin 34. 

34 

(7) 

59 

Cref 

A 0.1 n? capacitor is used in most applications. If a large common-mode 
voltage exists (for example the Vin pin is not at analog common), and 
a 200 mV scale is used, a 1.0 /xF is recommended and will hold the 
rollover error to 0.5 count. 

35 

(6) 

60 

Vref 

See pin 36. 

36 

(5) 

1 

Vref 

The analog input required to generate a full-scale output (1,999 
counts). Place 100 mV between pins 35 and 36 for 199.9 mV full-scale. 

Place 1.00 volts between pins 35 and 36 for 2 volts full-scale. See para¬ 
graph on REFERENCE VOLTAGE. 

37 

(4) 

3 

Test 

Lamp test. When pulled high (to V^) all segments will be turned on and 
the display should read -1888. It may also be used as a negative supply for 
externally generated decimal points. See paragraph under TEST for additional 
informs,tion. 

38 

(3) 

4 

OSC 3 

See pin 40. 

39 

(2) 

6 

OSC2~” 

See pin 40. 

40 

(1) 

10 

OSC 1 

Pins 40, 39, 38 make up the oscillator section. For a 48 kHz clock 
(3 readings per section) connect pin 40 to the junction of a 100 kfl resistorand 
a 100 pF capacitor. The 100 kfl resistor is tied to pin 39 and the 100 pF capacitor 
is tied to pin 38. 
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TSC7106A (LCD Drive) 
TSC7107A (LED Drive) 


3 1/2 Digit A/D Converter 
• Low Drift Internal Reference 
• Automatic Zero Correction 


General Theory of Operation 

Dual Slope Conversion Principles 

The TSC7106A and TSC7107A are dual slope, integrating 
analog-to-digital converters. An understanding of the dual 
slope conversion technique will aid in following the detailed 
operation theory. 

The conventional dual slope converter measurement cycle 
has two distinct phases: 


A simple mathematical equation relates the input signal, 
reference voltage and integration time: 


1 

RC 


^ Tsi 

ViN(t)dt 


0 


^ VrTri 
RC 


• Input Signal Integration 

• Reference Voltage Integration (Deintegration) 

The input signal being converted is integrated fora fixed time 
period (Tsi). Time is measured by counting clock pulses. An 
opposite polarity constant reference voltage is then inte¬ 
grated until the integrator output voltage returns to zero. The 
reference integration time isdirectly proportional to the input 
signal (Tri). (Figure 3A). 

In a simple dual slope converter a complete conversion re¬ 
quires the integrator output to “ramp-up” and “ramp-down.” 



Figure 3A: Basic Duai Siope Converter 


where: 

Vr = Reference Voltage 

Tsi = signal Integration Time (Fixed) 

Tri = Reference Voltage Integration Time (Variable) 

For a constant Vin: 

ViN = Vr 

Tsi 

The dual slope converter accuracy is unrelated to the 
integrating resistor and capacitor values as long as they 
are stable during a measurement cycle. An inherent bene¬ 
fit is noise immunity. Noise spikes are integrated or 
averaged to zero during the integration periods. Integra¬ 
ting ADCs are immune to the large conversion errors that 
plague successive approximation converters in high noise 
environments. Interfering signals with frequency compo¬ 
nents at multiples of the averaging period will be atten¬ 
uated. Integrating ADCs commonly operate with the 
signal integration period set to a multiple of the 50/60 Hz 
power line period. (Figure 3B) 



Figure 3B: Normal-Mode Rejection of Duai Slope 
Converter 
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Anaiog Section 

In addition to the basic signal integrate and deintegrate 
cycles discussed, the circuit incorporates an auto-zero cycle. 
This cycle removes buffer amplifier, integrator, and com¬ 
parator offset voltage error terms from the conversion. A true 
digital zero reading results without external adjusting poten¬ 
tiometers. A complete conversion consists of three cycles: an 
auto-zero, signal integrate and reference integrate cycle. 


Auto-Zero Cycle 

During the auto-zero cycle the differential input signal is 
disconnected from the circuit by opening internal analog 
gates. The internal nodes are shorted to analog common 
(ground) to establish a zero input condition. Additional ana¬ 
log gates close a feedback loop around the integrator and 
comparator. This loop permits comparator offset voltage 
error compensation. The voltage level established on Caz 
compensates for device offset voltages. The offset error 
referred to the input is less than 10 )uV. 

The auto-zero cycle length is 1000 to 3000 counts. 


signal Integrate Cycle 


The auto-zero loop is opened, the internal differential Inputs 
connect to Vin and VIn. The differential input signal is inte¬ 
grated for a fixed time period. The signal integration period is 
1000 counts. The externally set clock frequency is divided by 
four before clocking the internal counters. The integration 
time period is: 

Tsi = _ 1 _ X 1000 

fosc 


where: 


fosc = External Clock Frequency 


The differential input voltage must be within the device 
common-mode range (1 V of either supply) when the con¬ 
verter and measured system share the same power supply 
common (ground). If the converter and measured system do 
not share the same powersupplycommon, Vin should be tied 
to analog common. 

Polarity is determined at the end of signal integrate signal 
phase. The sign bit is a true polarity indication in that signals 
less than 1 LSB are correctly determined. This allows preci¬ 
sion null detection limited only by device noiseand auto-zero 
residual offsets. 

Reference Integrate Cycle 

The final phase is reference integrate or de-integrate. vTn is 
internally connected to analog common and Vin is con¬ 
nected across the previously charged reference capacitor. 
Circuitry within the chip ensures that the capacitor will be 
connected with the correct polarity to cause the integrator 
output to return to zero. The time required for the output to 
return to zero is proportional to the input signal and is be¬ 
tween 0 and 2000 counts. The digital reading displayed is: 

1000 X 

Vref 


Digital Section (TSC7106A) 

The TSC7106A (Figure 5) contains all the segment drivers 
necessary to directly drive a 3 1/2 digit liquid crystal display 
(LCD). An LCD backplane driver Is included. The backplane 
frequency is the external clock frequency divided by 800. For 
three conversions/second the backplane frequency is 60 Hz 
with a 5 V nominal amplitude. When a segment driver is in 
phase with the backplane signal the segment is “OFF.” An out 
of phase segment drive signal causes the segment to be “ON” 
or visible. This AC drive configuration results in negligible 
DC voltage across each LCD segment. This insures long LCD 
display life. The polarity segment driver is “ON” for negative 
analog inputs. If ViNand Vin are reversed this indicator would 
reverse. 

On the TSC7106A when the test pin is pulled to V"^ all seg¬ 
ments are turned “ON.” The display reads -1888. During this 
mode the LCD segments have a constant DC voltage im¬ 
pressed. Do not leave the display in this mode for more than 
several minutes. LCD displays may be destroyed if operated 
with DC levels for extended periods. 

The dispiay FONT and the segment drive assignment are 
shown in Figure 6. 


DISPLAY FONT 

p.1000's-|— 100's— 1 —10's— 1 —1's — 


0I^3HS618S 

-18 8 8 





Figure 6: Display FONT and Segment Assignment 


In theTSC7106Aan internal digital ground is generated from 
a 6 volt zener diode and a large P channel source follower. 
This supply is made stiff to absorb the large capacitive cur¬ 
rents when the backplane voltage is switched. 


Digital Section (TSC7107A) 

Figure 7 showstheTSC7107A. Itis identical to the TSC7106A 
except that the regulated supply and back plane drive have 
been eliminated and the segment drive is typically 8 mA. The 
1000 output (pin 19) sinks current from two LED segments, 
and has a 16 mA drive capability. The TSC7107A is designed 
to drive common anode LEDs. 

In both devices, the polarity indication is “on” for negative 
analog inputs. If VFn and vtN are reversed, this indication can 
be reversed also, if desired. 

The display font is the same as the TSC7106A. 
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System Timing 

The oscillator frequency is divided by 4 prior to clocking the 
internal decade counters. The three phase measurement cycle 
takes a total of 4000 counts or 16000 clock pulses. The 4000 
count cycle is independent of input signal magnitude. 

Each phase of the measurement cycle has the following 
length: 

• Auto-Zero Phase: 1000 to 3000 Counts 

(4000 to 12000 Clock Pulses) 

For signals less than full-scale the auto-zero phase Is 
assigned the unused reference Integrate time period. 

• Signal Integrate: 1000 Counts 

(4000 Clock Pulses) 

This time period is fixed. The integration period is; 

Tsi = 4000 r 

[ fosc 

Where fosc is the externally set clock frequency. 

• Reference Integrate: 0 to 2000 Counts 

(0 to 8000 Clock Pulses) 

The TSC7106A/7107A are drop replacements for the 7106/ 
7107 parts. External component value changes are not re¬ 
quired to benefit from the low drift internal reference. 

Clock Circuit 

Three clocking methods may be used: 

1. An external oscillator connected to pin 40. 

2. A crystal between pins 39 and 40. 

3. An R-C oscillator using all three pins. 



Figure 8: Clock Circuits 

Component Value Selection 

Auto-Zero Capacitor - Caz 


The Caz capacitor size has some influence on system noise. 
A 0.47 /xF capacitor is recommended for 200 mV full-scale 
applications where 1 LSB is 100 mV. A 0.047 mF capacitor is 
adequate for 2.0 V full-scale applications. A mylar type die¬ 
lectric capacitor is adequate. 


Reference Voitage Capacitor - Cref 

The reference voltage used to ramp the integrator output 
voltage back to zero during the reference integrate cycle is 
stored on Cref. A 0.1 mF capacitor is acceptable when VPn is 
tied to analog common. If a large common-mode voltage 
exists (Vref ^ analog common) and the application requires 
a 200 mV full-scale increase Cref to 1.0 mF. Rollovererrorwill 
be held to less than 0.5 count. A mylar type dielectric capaci¬ 
tor is adequate. 

Integrating Capacitor - Cint 

CiNT should be selected to maximize integrator output vol¬ 
tage swing without causing output saturation. Due to the 
TSC7106A/7107A superior analog common temperature 
coefficient specification, analog common will normally 
supply the differential voltage reference. For this case a ±2 V 
full-scale integrator output swing is satisfactory. For 3 read¬ 
ings/second (fosc = 48 kHz) a 0.22 mF value is suggested. If a 
different oscillator frequency is used Cint must be changed 
in inverse proportion to maintain the nominal ±2 V integrator 
swing. 

An exact expression for Cint is: 


(4000) (_!_) ( 

fosc Rint 


Where: 

fosc = Clock frequency at Pin 38 

Vfs = Full-scale input voltage 

Rint = Integrating resistor 

Ving = Desired full-scale integrator output swing 

Cint must have low dielectric absorption to minimize rollover 
error. An inexpensive polypropylene capacitor is recom¬ 
mended. 


Integrating Resistor - Rint 

The input buffer amplifier and integrator are designed with 
class A output stages. The output stage idling current is 
100 mA. The integrator and buffer can supply 20 mA drive 
currents with negligible linearity errors. Rint is chosen to 
remain in the output stage linear drive region but not so large 
that printed circuit board leakage currents induceerrors. For 
a 200 mV full-scale Rint is 47 kH. A 2.0 V full-scale requires 
470 kO. 


Component 

Nominal Full-Scale Voltage 

Value 

200.0 mV 

2.000 V 

Caz 

0.47 mF 

0.047 mF 

Rint 

47 kn 

470 kn 

Cint 

0.22 mF 

0.22 mF 


Note: 

1. fosc = 48 kHz (3 readings/sec) 


TELEDYNE SEMICONDUCTOR 


7 - 64 







3 1/2 Digit A/D Converter 

• Low Drift Internal Reference 

• Automatic Zero Correction 


TSC7106A (LCD Drive) 
TSC7107A (LED Drive) 


Oscillator Components 

Rose (Pin 40 to Pin 39) should be 100 kH. Cose is selected 
from the equation: 


RC 

For fose of 48 kHz, Cose is 100 pF nominally. 

Note that fose is divided by four to generate the TSC7106A 
internal control clock. The backplane drive signal is derived 
by dividing fose by 800. 

To achieve maximum rejection of 60 Hz noise pickup, the 
signal integrate period should be a multiple of 60 Hz. Oscilla¬ 
tor frequencies of 240 kHz, 120 kHz, 80 kHz, 60 kHz, 40 kHz, 
33 1/3 kHz, etc. should deselected. For50 Hz rejection, oscil¬ 
lator frequencies of 200 kHz, 100 kHz, 66 2/3 kHz, 50 kHz, 
40 kHz, etc. would be suitable. Note that 40 kHz (2.5 readings/ 
second) will reject both 50 and 60 Hz (also 400 and 440 Hz). 


Reference Voltage Selection 

A full-scale reading (2000 counts) requires the input signal 
be twice the reference voltage. 


Required Full-Scale Voltage* 

Vref 

200.0 mV 

100.0 mV 

2.000 V 

1.000 V 


* Vfs = 2 Vref 


In some applications a scale factor other than unity may exist 
between a transducer output voltage and the required digital 
reading. Assume, for example, a pressure transducer output 
is 400 mV for 2000 Ib/in2. Rather than dividing the input vol¬ 
tage by two the reference voltage should be set to 200 mV. 
This permits the transducer input to be used directly. 

The differential reference can also be used when a digital 
zero reading is required when Vin is not equal to zero. This is 
common in temperature measuring instrumentation. A 


compensating offset voltage can be applied between analog 
common and vFn. The transducer output is connected 
between Vin and analog common. 

The internal voltage reference potential available at analog 
common will normally be used to supply the converters 
reference. This potential is stable whenever the supply po¬ 
tential is greater than approximately 7 V. In applications 
where an externally generated reference voltage is desired 
refer to Figure 9. 



Figure 9: External Reference 


Device Pin Functionai Description 
Differential Signal Inputs 

(VIn (Pin 31), Vin (Pin 30)) 

The TSC7106A/TSC7107A is designed with true differential 
inputs and accepts input signals within the input stage 
common mode voltage range (Vcm). The typical range is V"^ 
-1.0 to V~ 4-1 V. Common-mode voltages are removed from 
the system when the TSC7106A/TSC7107A operates from a 
battery or floating power source (isolated from measured 
system) and vFn is connected to analog common (Vcom): See 
Figure 10. 




Figure 10: Common-Mode Voltage Removed In Battery Operation with Vin = Analog Common 
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Differential Signal Inputs (Cont.) 

In systems where common-mode voltages exist the 86 dB 
common-mode rejection ratio minimizes error. Common¬ 
mode voltages do, however, affect the integrator output level. 
Integrator output saturation must be prevented. A worse case 
condition exists if a large positive Vcm exists in conjunction 
with a full-scale negative differential signal. The negative 
signal drives the integrator output positive along with Vcm 
(Figure 11). For such applications the integrator output swing 
can be reduced below the recommended 2.0 V full-scale 
swing. The integrator output will swing within 0.3 V of or 
V" without increasing linearity errors. 



Figure 11: Common-Mode Voltage Reduces Available 
integrator Swing. (Vcom ^ Vin) 


Differential Reference 

(Vref (Pin 36), VSef (Pin 39)) 

The reference voltage can be generated anywhere within the 
V"^ to V" power supply range. 

To prevent rollover type errors being induced by large 
common-mode voltages Cref should be large compared to 
stray node capacitance. 

The TSC7106A/TSC71 OTA circuits have a significantly lower 
analog common temperature coefficient. This potential gives 
a very stable voltage suitable for use as a voltage reference. 
The temperature coefficient of analog common is 20 ppm/° C 
typically. 

Analog Common (Pin 32) 

The analog common pin is set at a voltage potential approxi¬ 
mately 3.0 V below V"^. The potential is guaranteed to be 
between 2.7 V and 3.35 V below V'*’. Analog common is tied 
Internally to an Nchannel FET capable of sinking 30 mA. This 
FET will hold the common line at 3.0 V should an external 
load attempt to pull the common line toward V"^. Analog 
common source current is limited to 10 )uA. Analog common 
is therefore easily pulled to a more negative voltage (i.e., 
below V* -3.0 V). 


The TSC7106A connects the internal \/U and vFn inputs to 
analog common during the auto-zero cycle. During the 
reference_integrate phase Vin is connected to analog com¬ 
mon. If Vin is not externally connected to analog common, a 
common-mode voltage exists. This is rejected by the con¬ 
verters 86 dB common-mode rejection ratio. In battery 
operation analog common and Vin are usually connected 
removing common-mode voltage concerns. In systems 
where Vin is connected to the power supply ground or to_a 
given voltage, analog common should be connected to Vin. 

The analog common pin serves to set the analog section 
reference or common point. The TSC7106A is specificially 
designed to operate from a battery or in any measurement 
system where input signals are not referenced (float) with 
respect to the TSC7106A power source. The analog common 
potential of -3.0 V gives a 6 V end of battery life voltage. 
The common potential has a 0.001%/% voltage coefficient 
and 15 Cl output impedance. 

With sufficiently high total supply voltage (V"^ -V” >7.0 V) 
analog common is a very stable potential with excellent 
temperature stability — typically 20 ppm/°C. This potential 
can be used to generate the reference voltage. An external 
voltage reference will be unnecessary in most cases because 
of the 50 ppm/°C maximum temperature coefficient. See 
Internal Voltage Reference discussion. 

Test (Pin 37) 

The test pin potential is 5 V less than V"^. Test may be used as 
the negative power supply connection for external CMOS 
logic. The test pin is tied to the internally generated negative 
logic supply (Internal Logic Ground) through a 500 Cl resistor 
in the TSC7106A. The test pin load should be no more than 
1 mA. 

If test is pulled high to V all segments plus the minus sign will 
be activated. Do' not operate in this mode for more than 
several minutes with the TSC7106A. With Test = V"^ the LCD 
Segments are impressed with a DC voltage which will destroy 
the LCD. 

The test pin will sink about 10 mA when pulled to V"^. 


Internal Voltage Reference Stability 

The analog common voltage termperature stability has been 
significantly improved (Figure 12). The “A” version of the 
industry standard circuitsallow users to upgrade old systems 
and design new systems without external voltage references. 
External R and C values do not need to be changed. Figure 13 
shows analog common supplying the necessary voltage 
reference for the TSC7106A/TSC7107A. 
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Figure 12: Analog Common Temperature Coefficient 


V- 



Figure 13: Internal Voltage Reference Connection 


TSC7107A Power Supplies 

The TSC7107A is designed to work from ±5 V supplies. 
However, if a negative supply is not available, it can be gene¬ 
rated from the clock output with two diodes, two capacitors 
and an inexpensive IC. Figure 13 shows this application. 

In selected applications a negative supply is not required. 
The conditions to use a single +5 V supply are: 

• The input signal can be referenced to the center of the 
common-mode range of the converter. 

• The signal is less than ±1.5 volts. 

• An external reference is used. 



Figure 14: Generating Negative Supply From +5 V 

The TSC7660 DC to DC converter may also be used to gene¬ 
rate -5 V from +5 V (Figure 15). 



+5 V 



Figure 15: Negative Power Supply Generation with 
TSC7660. 
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TSC7107 Power Dissipation Reduction 

The TSC7107A sinks the LEDdisplaycurrentand thiscauses 
heat to build up in the IC package. If the internal voltage 
reference is used, the changing chip temperature can cause 
the display to change reading. By reducing package power 
dissipation such variations can be reduced. By reducing the 
LED common anode voltage the TSC7107A package power 
dissipation is reduced. 

Figure 16 is a photograph of a curve-trace display showing 
the relationship between output current and output voltage 
for a typical TSC7107CPL. Since a typical LED has 1.8 volts 
across it at 7 m A, and its common anode is con nected to +5 V, 
the TSC7107A output is at 3.2 V (point A on Figure 15). Maxi¬ 
mum power dissipation is 8.1 mA X 3.2 V X 24 segments = 
622 mW. 

Notice, however, that once the TSC7107A output voltage is 
.above two volts, the LED current is essentially constant as 
output voltage increases. Reducing the output voltage by 
0.7 V (point B of Figure 15) results in 7.7 mA of LED current, 
only a 5 percent reduction. Maximum power dissipation is 
now only 7.7 mA X 2.5 V X 24 = 462 mW, a reduction of 26%. 
An output voltage reduction of 1 volt (point C) reduces LED 
current by 10% (7.3 mA) but power dissipation by 38%! (7.3 
mA X 2.2 V X 24 = 385 mW). 



Figure 16: TSC7107A Output Current vs Output 
Voltage 


Reduced power dissipation is very easy to obtain. Fig. 17 
shows two ways: eithera5.1 ohm, 1/4 watt resistor ora 1 Amp 
diode placed in series with the display (but not in series with 
the TSC7107A). The resistor will reduce the TSC7107A out¬ 
put voltage, when all 24 segments are “ON,” to point “C” of 
Fig. 16. When segments turn off, the output voltage will 
increase. The diode, on the other hand, will result in a rela¬ 
tively steady output voltage, around point “B.” 

In addition to limiting maximum power dissipation, the resis¬ 
tor reduces the change in power dissipation as the display 
changes. This effect is caused by the fact that, as fewer seg¬ 


ments are “ON,” each “ON” output drops more voltage and 
current. For the best case of six segments (a “111” display) to 
worst case (a “1888” display) the resistor will change about 
230 mW, while a circuit without the resistor will changeabout 
470 mW. Therefore, the resistor will reduce the effect of dis¬ 
play dissipation on reference voltage drift by about 50%. 

The change in LED brightness caused by the resistor is 
almost unnoticeable as more segments turn off. If display 
brightness remaining steady is very important to the de¬ 
signer, a diode may be used instead of the resistor. 



Figure 17: Diode or Resistor Limits Package Power 
Dissipation. 


Applications Information 
Liquid Crystal Display Sources 

Several LCD manufacturers supply standard LCD displays to 
interface with the TSC7106A 3 1/2 digit analog-to-digital 
converter. 


Manufacturer Address/Phone 

Representative 

Part Numbersi 

Crystaloid 

Electronics 

5282 Hudson Dr., 
Hudson, OH 44236 
216/655-2429 

C5335, H5535, 

T5135, SX440 

AND 

770 Airport Blvd., 
Burlingame, CA 94010 
415/347-9916 

FE 0801 

FE 0203 

EPSON 

3415 Kashikawa St., 
Torrance, CA 90505 
213/534-0360 

LD-B709BZ 

LD-H7992AZ 

Hamlin, Inc. 

612 E. Lake St., 

Lake Mills, Wl 53551 
414/648-2361 

3902, 3933, 3903 


Note: 

1. Contact LCD manufacturer for full product listing/specifications. 
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Light Emitting Diode Display Sources 

Several LED manufacturers supply seven segmentdigits with 
and without decimal point annunciators for the TSC7107A. 


Manufacturer Address 

Display 

Type 

Hewlett 

Packard 

640 Page Mill Rd. 

LED 

Components Palo Alto, CA 94304 

Litronix, Inc. 

19000 Homestead Rd. 
Cupertino, CA 94010 

LED 

And 

770 Airport Blvd. 
Burlingame, CA 94010 

LED 


Decimal Point and Annunciator Drive 

The test pin is connected to the internally-generated digital 
logic supply ground through a 500 H resistor. The test pin 
may be used as the negative supply for external CMOS gate 
segment drivers. LCD display annunciators for decimal 
points, low battery indication, or function indication may be 
added without adding an additional supply. No more than 
1 mA should be supplied bythetest pin. The test pin potential 
is approximately 5 V below V . 

Ratiometric Resistance Measurements 

The true differential input and differential reference make 
ratiometric readings possible. Typically in a ratiometric 
operation, an unknown resistance is measured with respect 
to a known standard resistance. No accurately defined refer¬ 
ence voltage is needed. 

The unknown resistance is put in series with a known stan¬ 
dard and a current passed through the pair. The voltage 
developed across the unknown isapplied to the inputand the 
voltage across the known resistor applied to the reference 
input. If the unknown equals the standard, the display will 
read 1000. The displayed reading can be determined from the 
following expression: 

Displayed Reading = R Unknovyn ^ .jqqq 
R Standard 

The display will overrange for R Unknown > 2 x R Standard. 



Simple Inverter for Fixed Decimal Point 
or Display Annunciator 



Multiple Decimal Point or 
Annunciator Driver 


Figure 18: Decimal Point Drive Using Test as Logic 
Ground. 




Figure 19: Low Parts Count Ratiometric Resistance 
Measurement 
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Figure 20: 3 1/2 Digit True RMS AC DMM 



Figure 21: Temperature Sensor Figure 22: Positive Temperature Coefficient Resistor 

Temperature Sensor 
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Appiication Circuits (Cont.) 



Figure 23: Integrated Circuit Temperature Sensor 



Figure 24: TSC7106A Using the Internal Reference. Figure 25: TSC7107A Internal Reference (200 mV Full 
(200 mV Full-Scale, 3 RPS). Scale, 3 RPS, Vin Tied to GND for Single 

Ended Inputs). 
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Application Circuits (Cont.) 



Figure 26: Circuit for Developing Underrange and 
Overrange Signals from TSC7106A 
Outputs. 


TO PIN 1 



Figure 27: TSC7106A/TSC7107A: Recommended 

Component Values for 2.00 V Full-Scale. 



Figure 28: TSC7107A W]th a 1.2 V External Band-Gap 
Reference. VFn Tied to Common). 



Figure 29: TSC7107A Operated from Single +5 V 
Supply. An External Reference Must Be 
Used in This Application. 
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General Description 

The TSC7106 and TSC7107 3-1/2 digit CMOS analog-to-di- 
gital converters contain all the active components necessary 
to construct a 0.05% resolution measurement system. Seven 
segment decoders, polarity and digit drivers, voltage refer¬ 
ence and clock circuit are integrated on chip. The TSC7106 
drives liquid crystal displays (LCD) and includes a backplane 
driver. The TSC7107 drives common anode light emitting 
diode (LED) displays directly with an 8 mA drive current per 
segment. 

A low cost, high resolution indicating meter requires only a 
display, four resistors, and four capicitors. The TSC7106 low 
power drain and 9 V battery operation make it ideal for por¬ 
table applications. 

The TSC7106/TSC7107 reduces linearity error to less than 1 
count. Rollover error —the difference in readings for equal 
magnitude but opposite polarity input signals —is below ± 1 
count. High impedance differential inputs offer 1 pA leakage 
current and a 1012 a input impedance. The differential refer¬ 
ence Input allows ratiometric measurements for ohms or 
bridge transducer measurements. The 15 )uVp-p noise 
performance guarantees a “rock solid” reading. The auto¬ 
zero cycle guarantees a zero display reading with a zero volt 
input. 

The TSC7106/TSC7107 dual slope conversion technique 
automatically rejects interference signals if the converters 


Features 


• Drives LCD or LED Displays Directly 

• Guaranteed Zero Reading with Zero Input 

• Low Noise for Stable Display 

-2.000 V or 200.0 mV Full-Scale Range 

• Auto-Zero Cycle Eliminates Need for Zero Adjustment 
Potentiometer 

• True Polarity Indication for Precision Null Applications 

• Convenient 9 V Battery Operation (TSC7106) 

• High Impedance CMOS Differential Inputs .IO 12 a 

• Differential Reference Inputs Simplify Ratiometric 
Measurements 

• Low Power Operation . 10 mW 



integration time is set to a multiple of the interference signal 
period. This is especially useful in industrial measurement 
environments where 50, 60 and 400 Hz line frequency signals 
are present. 

The TSC7106/TSC7107 are available In a small 60-pin flat 
package for compact designs. Standard devices are offered 
in an industrial temperature range and with burn-in lasting 
for 160 hours at +125°C. 

For applications requiring a more temperature stable internal 
reference voltage refer to the TSC7106A/7107A data sheets. 
A display hold feature is available on the TSC7116A and 
TSC7117A converters. 



Figure 1: Typical TSC7106 Operating Circuit 


TL. 


Cref ‘^REF 


ViN 

2-19 


22-25 

vTn 

POL 


GND 

ANALOG 


COMMON 



TSC7107 

Caz 

. 


Vref 

Vint 

Vref 


_ V 

0SC2 0SC3 

OSCi 


COMMON 

ANODE 

LED 

DISPLAY 


333 


36 ''ref 


TO ANALOG COMMON (P32) 


Figure 2: Typical TSC7107 Operating Circuit 
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TSC7106 (LCD Drive) 
TSC7107 (LED Drive) 


3 1/2 Digit A/D Converter 
• Direct Display Drive 
• Automatic Zero Correction 


Absolute Maximum Ratings 

TSC7106 

Supply Voltage (V^ to V ) ....15 V 

Analog Input Voltage (either input) (Note 1) _ V^to V~ 

Reference Input Voltage (either input) . V^to V~ 

Clock Input .. Test to 

Power Dissipation (Note 2) 

CerDIP Package ... 1000 mW 

Plastic Package .. 800 mW 

Operating Temperature 

“C” Devices .0°C to +70° C 

“I” Devices.-25°C to +85°C 

Storage Temperature . -65°C to+160°C 

Lead Temperature (Soldering, 60 sec) . 300°C 


Stresses above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated 


TSC7107 

Supply Voltage 

V* .. +6 V 

V .-9 V 

Analog Input Voltage (either input) (Note 1) _ to V~ 

Reference Input Voltage (either input) . to V" 

Clock Input .. GND to V" 

Power Dissipation (Note 1) 

CerDIP Package .. 1000 mW 

Plastic Package . 800 mW 

Operating Temperature 

“C” Devices .0°C to +70° C 

“I" Devices.-25° C to +85° C 

Storage Temperature . -65°C to +160°C 

Lead Temperature (Soldering, 60 sec) . 300°C 


in the operational sections of the specifications is not implied. Exposure to 
Absolute Maximum Rating Conditions for extended periods may effect device 
reliability. 


Electrical Characteristics 

(Note 3) 





CHARACTERISTICS 

CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Zero Input Reading 

ViN = 0.0 V 

Full-Scale = 200.0 mV 

-000.0 

±000.0 

+000.0 

Digital Reading 

Ratiometric Reading 

ViN = Vref 

Vref = 100 mV 

999 

999/1000 

1000 

Digital Reading 

Rollover Error (Difference in 

Reading for Equal Positive and 

Negative Reading Near Full-Scale) 

-ViN = +ViN = 200.0 mV 

-1 

±0.2 

+1 

Counts 

Linearity (Max. Deviation From 

Best Straight Line Fit) 

Full-Scale = 200 mV 
or Full-Scale = 2.000 V 

-1 

±0.2 

+1 

Counts 

Common-Mode 

Rejection Ratio (Note 4) 

VcM = ±1 V, ViN = 0 V. 

Full-Scale = 200.0 mV 

- 

50 

- 

mV/V 

Noise (Pk - Pk Value Not 

Exceeded 95% of Time) 

ViN = 0 V 

Full-Scale = 200.0 mV 

- 

15 

- 

mV 

Leakage Current @ Input 

ViN = 0 V 

— 

1 

10 

pA 

Zero Reading Drift 

ViN = 0 V 

“C" Device = 0°C to 70° C 

ViN = 0 V 

“1” Device = -25° C to +85° C 

- 

0.2 

1.0 

1 

2 

ixvrc 

Scale Factor 

Temperature Coefficient 

ViN = 199.0 mV, 

"C” Device = 0°C to 70° C 
(Ext. Ref = 0 ppm/°C) 

ViN = 199.0 mV 

“1” Device; -25° C to +85° C 

- 

1 

5 

20 

ppm/°C 

ppm/°C 

Supply Current (Does Not 

Include LED Current for 7107) 

ViN = 0 

- 

0.8 

1.8 

mA 

Analog Common Voltage (With 

Respect to Pos. Supply) 

25 kn Between Common 
and Pos. Supply 

2.4 

2.8 

3.2 

V 

Temp. Coeff. of Analog common 
(With Respect to Pos. Supply) 

25 kn Between Common 
and Pos. Supply 

- 

80 

- 

ppm/°C 

TSC7106 ONLY Pk - Pk 

Segment Drive Voltage (Note 5) 

V"^ to V" = 9 V 

4 

5 

6 

V 

TSC7106 ONLY Pk - Pk 

Backplane Drive Voltage (Note 5) 

V"" to V' = 9 V 

4 

5 

6 

V 
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3 1/2 Digit A/D Converter 

• Direct Display Drive TSC7106 (LCD Drive) 

• Automatic Zero Correction TSC7107 (LED Drive) 


Electrical Characteristics (Note 3) (Continued) 

CHARACTERISTICS 

CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

TSC7107 ONLY 

Segment Sinking Current 
(Except Pin 19) 

V^ = 5.0 V 

Segment Voltage = 3 V 

5 

8.0 

- 

mA 

TSC7107 ONLY 

Segment Sinking Current 
(Pin 19 Only) 

V'= 5.0 V 

Segment Voltage = 3 V 

10 

16 

- 

mA 


NOTES: 

1. Input voltages may exceed the supply voltages provided the input current is 
limited to ± 100 /uA. 

2. Dissipation rating assumes device is mounted with all leads soldered to 
printed circuit board. 

3. Unless other wise noted, specifications apply to both the TSC7106 and 
TSC7107 at Ta = 25°C, fcLOCK = 48 kHz. TSC7106 is tested in the circuit of 


Figure 1. TSC7107 is tested in the circuit of Figure 2. 

4. Refer to “Differential Input” discussion. 

5. Backplane drive is in phase with segment drive for‘off segment, 180'’ out of 
phase for ‘on’ segment. Frequency is 20 times conversion rate. Average 
dc component is less than 50 mV. 



Pin Configuration 
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TSC7106 (LCD Drive) 
TSC7107 (LED Drive) 


3 1/2 Digit A/D Converter 
• Direct Display Drive 
• Automatic Zero Correction 



Ordering Information 


Part No. 

Package 

Pin 

Layout 

Temp. 

Range 

Display 

Drive 

TSC7106CPL 

40-Pin 

Plastic Dip 

Normal 

0°Cto 
+70® C 

LCD 

TSC7106RCPL 

40-Pin 

Plastic Dip 

Reverse 

0®C to 
+70® C 

LCD 

TSC7106IPL 

40-Pin 

Plastic Dip 

Normal 

-25®C to 
+85® C 

LCD 

TSC7106CJL 

40-Pin 

CerDIP 

Normal 

0®Cto 
+70° C 

LCD 

TSC7106IJL 

40-Pin 

CerDIP 

Normal 

-25®C to 
+85® C 

LCD 

TSC7106CBQ 

60-Pin 

Plastic Flat 
Package 

Formed 

Leads 

0®Cto 
+70® C 

LCD 

TSC7106CSQ 

60-Pin 

Plastic Flat 
Package 

Unformed 

Leads 

0®C to 
+70® C 

LCD 

TSC7107CPL 

40-Pin 

Plastic Dip 

Normal 

0®Cto 
+70® C 

LED 

TSC7107RCPL 

40-Pin 

Plastic Dip 

Reverse 

0®C to 
+70® C 

LED 

TSC7107IPL 

40-Pin 

Plastic Dip 

Normal 

-25®C to 
+85® C 

LED 

TSC7107CJL 

40-Pin 

CerDIP 

Normal 

0®Cto 
+70® C 

LED 


Part No. 

Package 

Pin 

Layout 

Temp. 

Range 

Display 

Drive 

TSC7107IJL 

40-Pin 

CerDIP 

Normal 

-25®C to 
+85® C 

LED 

TSC7107CBQ 

60-Pin 

Plastic Flat 
Package 

Formed 

Leads 

0®C to 
+70® C 

LED 

TSC7107CSQ 

60-Pin 

Plastic Flat 
Package 

Unformed 

Leads 

0®C to 
+70® C 

LED 

Devices with Burn-In (160 Hours at +125® C) 

TSC7106CPL/BI 

40-Pin 

Plastic Dip 

Normal 

0®C to 
+70® C 

LCD 

TSC7106RCPL/BI 

40-Pin 

Plastic Dip 

Reverse 

0®C to 
+70® C 

LCD 

TSC7106IJL/BI 

40-Pin 

CerDIP 

Normal 

-25®Cto 
+85° C 

LCD 

TSC7107CPL/BI 

40-Pin 

Plastic Dip 

Normal 

0®Cto 
+70® C 

LED 

TSC7107RCPLyBI 

40-Pin 

Plastic Dip 

Reverse 

0®Cto 
+70® C 

LED 

TSC7107IJL/BI 

40-Pin 

CerDIP 

Normal 

-25®Cto 
+85® C 

LED 
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3 1/2 Digit A/D Converter 

• Direct Display Drive 

• Automatic Zero Correction 


TSC7106 (LCD Drive) 
TSC7107 (LED Drive) 


Pin Description 


40-Pin DIP 

Pin Number 
Normai 

(Reverse) 

60-Pin 

Fiat Package 
Pin Number 

Name 

Description 

1 

(40) 

13 

V* 

Positive suppiy voltage. 

2 

(39) 

14 

Di 

Activates the D section of the units display. 

3 

(38) 

15 

Ci 

Activates the C section of the units display. 

4 

(37) 

16 

Bi 

Activates the B section of the units display. 

5 

(36) 

17 

Ai 

Activates the A section of the units display. 

6 

(35) 

18 

Fi 

Activates the F section of the units display. 

7 

(34) 

19 

Gi 

Activates the G section of the units display. 

8 

(33) 

20 

Ei 

Activates the E section of the units display. 

9 

(32) 

21 

D2 

Activates the D section of the tens display. 

10 

(31) 

25 

C2 

Activates the C section of the tens display. 

11 

(30) 

26 

B2 

Activates the B section of the tens display. 

12 

(29) 

27 

A2 

Activates the A section of the tens display. 

13 

(28) 

28 

F2 

Activates the F section of the tens display. 

14 

(27) 

29 

E2 

Activates the E section of the tens display. 

15 

(26) 

30 

D3 

Activates the D section of the hundreds display. 

16 

(25) 

31 

B3 

Activates the B section of the hundreds display. 

17 

(24) 

32 

F3 

Activates the F section of the hundreds display. 

18 

(23) 

33 

E3 

Activates the E section of the hundreds display. 

19 

(22) 

34 

AB4 

Activates both halves of the 1 in the thousands display. 

20 

(21) 

35 

POL 

Activates the negative polarity display. 

21 

(20) 

36 

BP 

GND 

TSC7106: LCD Backplane drive output. 

TSC7107: Digital Ground. 

22 

(19) 

37 

G3 

Activates the G section of the hundreds display. 

23 

(18) 

40 

As 

Activates the A section of the hundreds display. 

24 

(17) 

41 

C3 

Activates the C section of the hundreds display. 

26 

(16) 

43 

G2 

Activates the G section of the tens display. 

26 

(15) 

45 

v’ 

Negative power supply voltage. 

27 

(14) 

46 

Vint 

Integrator output. Connection point for integration capacitor. See 
INTEGRATING CAPACITOR section for additional details. 

28 

(13) 

47 

Vbuff 

Integration resistor connection. Use a 47 kn for a 200 mV full-scale 
range and a 470 kO for 2 V full-scale range. 

29 

(12) 

49 

Caz 

The size of the auto-zero capacitor influences the system noise. Use a 

0.47 fxF capacitor for a 200 mV full-scale, and a 0.047 /uF capacitor for a 

2 volt full-scale. See paragraph on AUTO-ZERO CAPACITOR for 
more details. 

30 

(11) 

51 

VlN 

The analog low input is connected to this pin. 

31 

(10) 

55 

VlN 

The analog high input signal is connected to this pin. 

32 

(9) 

57 

Analog 

Common 

This pin is primarily used to set the analog common-mode voltage for 
battery operation or in systems where the input signal is referenced to the 
power supply. See paragraph on ANALOG COMMON for more details. It also 
acts as a reference voltage source. 

33 

(8) 

58 

Cref 

See pin 34. 

34 

(7) 

59 

Cref 

A 0.1 juF capacitor is used in most applications. If a large common-mode 
voltage exists (for example the Vin pin is not at analog common), and 
a 200 mV scale is used, a 1.0 ^F is recommended and will hold the 
rollover error to 0.5 count. 

35 

(6) 

60 

Vref 

See pin 36. 
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TSC7106 (LCD Drive) 
TSC7107 (LED Drive) 


3 1/2 Digit A/D Converter 
• Direct Display Drive 
• Automatic Zero Correction 


Pin Description (Cent.) 


40-Pin DIP 

Pin Number 
Normal 

(Reverse) 

@0-Pln 

Flat Package 
Pin Number 

Name 

Description 

36 

(5) 

1 

Vref 

The analog Input required to generate a full-scale output (1,999 
counts). Place 100 mV between pins 36 and 36 for 199.9 mV full-scale. 

Place 1.00 volts between pins 36 and 36 for 2 volts full-scale, See para¬ 
graph on REFERENCE VOLTAGE. 

37 

(4) 

3 

Test 

Lamp test. When pulled high (to V**") all segments will be turned on and 
the display should read -1888. It may also be used as a negative supply for 
externally generated decimal points. See paragraph under TESTforadditional 
information. 

38 

(3) 

4 

OSC 3 

See pin 40. 

39 

(2) 

6 

OSC 2 

See pin 40. 

40 

(1) 

10 

OSC 1 

Pins 40, 39, 38 make up the oscillator section. For a 48 kHz clock 
(3 readings per section) connect pin 40 to the junction of a 100 kO resistor and 
a 100 pF capacitor. The 100 kCi resistor is tied to pin 39 and the 100 pF capacitor 
is tied to pin 38 


Analog Section 

Figure 3 shows the Block Diagram of the Analog Section for 
the TSC7106 and TSC7107. Each measurement cycle is 
divided into three phases. They are (1) auto-zero (A-Z), (2) 
signal integrate (INT) and (3) reference (REF). 

Auto-Zero Phase 

Input high and low are disconnected from the pins and inter¬ 
nally shorted to analog common. The reference capacitor is 
charged to the reference voltage. A feedback loop is closed 
around the system to charge the auto-zero capacitor Caz to 
compensate for offset voltages in the buffer amplifier, Inte¬ 
grator, and comparator. Since the comparator is included in 
the loop, the A-Z accuracy is limited only by the noise of the 
system. The offset referred to the input is less than 10 /iV. 

signal Integrate Phase 

The auto-zero loop is opened, the internal short is removed, 
and the internal input high and low are connected to the 
external pins. The converter then integrates the differential 
voltage between ViNand VFn forafixed time. This differential 
voltage can be within a wide common-mode range; within 
one volt of either supply. If, on the other hand, the input sig¬ 
nal has no return with respect to the converter power supply, 
ViN can be tied to analog common to establish the correct 
common-mode voltage. At the end of this phase, the polarity 
of the integrated signal is determined. 

Reference Integrate Phase 

The final phase is reference integrate or de-integrate. Input 
low is internally connected to analog common and input high 
is connected across the previously charged reference capa¬ 
citor. Circuitry within the chip ensures that th,e capacitor will 
be connected with the correct polarity to cause the integrator 
output to return to zero. The time required for the output to 
return to zero is proportional to the input signal. The digital 


reading displayed is: 


Vref 

Differential Reference 

The reference voltage can be generated anywhere within the 
power supply voltage of the converter. The main source of 
common-mode error is a roll-over voltage caused by the 
reference capacitor losing or gaining charge to stray capa¬ 
citance on its nodes. If there is a large common-mode voltage, 
the reference capacitor can gain charge (increase voltage) 
when called up to de-integrate a positive signal but lose charge 
(decrease voltage) when called up to deintegrate a negative 
input signal. This difference in reference for (+) or (-) input 
voltage will give a roll-over error. By selecting the reference 
capacitor large enough in comparison to the stray capaci¬ 
tance, this error can be held to less than 0.5 count for the worse 
case condition. (See Component Values Selection.) 

Differential Input 

The Input can accept differential voltages anywhere within 
the common-mode range of the input amplifier; or specifi¬ 
cally from 1.0 volts below the positive supply to 1.0 volt above 
the negative supply. In this range the system has a CMRR of 
86 dB typical. However, since the integratoralso swings with 
the common-mode voltage, care must be exercised to assure 
the Integrator output does not saturate. A worse case condi¬ 
tion would be a large positive common-mode voltage with a 
near full-scale negative differential input voltage. The nega¬ 
tive input signal drives the integrator positive when most of 
its swing has been used up by the positive common-mode 
voltage. For these critical applications the integrator swing 
can be reduced to less than the recommended 2 V full-scale 
swing with little loss of accuracy. The integrator output can 
swing within 0.3 volts of either supply without loss of linearity. 
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3 1/2 Digit A/D Converter 

• Direct Display Drive 

• Automatic Zero Correction 


TSC7106 (LCD Drive) 
TSC7107 (LED Drive) 



Figure 3: Analog Section of TSC7106/TSC7107 



Analog Common 

This pin is included primarily to set the common-mode volt¬ 
age for battery operation (TSC7106) or for any system where 
the input signals are floating with respect to the power sup¬ 
ply. The common pin sets a voltage that is approximately 2.8 
volts more negative than the positive supply. This is selected 
to give a minimum end-of-life battery voltage of about 6 V. 
However, the analog common has some of the attributes of 
a reference voltage. When the total supply voltage is large 
enough to cause the zener to regulate (>7 V), the common 
voltage will have a low voltage coefficient (0.001%/%), low 
output impedance (-15 H), and a temperature coefficient of 
80 ppm/°C typically. 

An external reference may be added to improve temperature 
stability or the TSC7106A/TSC7107A devices with lower 
analog common temperature drift may be used. The circuit is 
shown in Figure 4. 



Figure 4: Using an Externai Reference 


Analog common is also used as the Vin return during auto¬ 
zero and deintegrate. If Vin is different from analog common, 
a common-mode voltage exists in the system and is taken 
care of by the excellent CMRR of the converter. However, in 
some applications Vin will be set at a fixed known voltage 
(power supply common for instance). In this application, 
analog common should be tied to the same point, thus 
removing the common-mode voltage from the converter. 
The same holds true for the reference voltage. If reference 
can be conveniently referenced to analog common, it should 
be since this removes the common-mode voltage from the 
reference system. 

Within the 1C, analog common is tied to an N-channel FET 
that can sink 30 mA or more of current to hold the voltage 
2.8 volts below the positive supply (when a load is trying to 
pull the common line positive). However, there is only 10 /uA 
of source current, so common may easily be tied to a more 
negative voltage thus over-riding the internal reference. 

Test 

The TEST pin serves two functions. On the TSC7107 it is 
coupled to the internally generated digital supply through 
a 500 n resistor. Thus it can be used as the negative supply 
for externally generated segment drivers such as decimal 
points or any other presentation the user may want to in¬ 
clude on the LCD display. Figures 5 and 6 show such an 
application. No more than a 1 mA load should be applied. 

The second function is a "lamp test.” When TEST is pulled 
high (to V"^) all segments will be turned on and the display 
should read -1888. The TEST pinwill sinkaboutlOmAunder 
these conditions. 

Caution: On the TSC7106, in the lamp test mode the seg¬ 
ments have a constant dc voltage (no square-wave) and may 
burn the LCD display if left in this mode for several minutes. 
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3 1/2 Digit A/D Converter 

TSC7106 (LCD Drive) • Direct Display Drive 

TSC7107 (LED Drive) _ • Automatic Zero Correction 



Figure 5: Simple Inverter for Fixed Decimal Point 



Figure 6: Exclusive ‘OR’ Gate for Decimal Point Drive 



Digital Section 

Figures 8 and 9 show the digital section fortheTSC7106and 
TSC7107, respectively. In the TSC7106 (Figure 8), an inter¬ 
nal digital ground is generated from a 6 volt Zener diode and 
a large P channel source follower. This supply is made stiff to 
absorb the large capacitive currents when the back plane 
(BP) voltage is switched. The BP frequency is the clock 
frequency divided by 800. For three readings/second this Is 
a 60 Hz square wave with a nominal amplitude of 5 volts. The 
segments are driven at the same frequency and amplitude 
and are in phase with BP when OFF, but out of phase when 
ON. in all cases, negligible dc voltage exists across the 
segments. 


Figure 9 is the Digital Section of the TSC7107. It is identical 
to the TSC7106 except that the regulated supply and back 
plane drive have been eliminated and the segment drive is 
typically 8 mA. The 1000 output (pin 19) sinks current from 
two LED segments, and has a 16 mA drive capability. The 
TSC7107 is designed to drive common anode LEDs. 

In both devices, the polarjty indication is “on” for negative 
analog inputs. If Vin and Vin are reversed, this indication can 
be reversed also, if desired. 

System Timing 

Figure 9 shows the clocking method used in the TSC7106 
and TSC7107. Three clocking methods may be used: 

1. An external oscillator connected to pin 40. 

2. A crystal between pins 39 and 40. 

3. An RC oscillator using ail three pins. 

The oscillator frequency is divided by four before it clocks 
the decade counters. It is then further divided to form the 
three convert-cycle phases. These are signal integrate (1000 
counts), reference de-integrate (0 to 2000 counts) and 
auto-zero (1000 to 3000 counts). For signals less than full- 
scale auto-zero gets the unused portion of reference 
de-integrate. This makes a complete measure cycle of 4,000 
(16,000 clock pulses) independentof input voltage. For three 
readings/second, an oscillator frequency of 48 kHz would be 
used. 

To achieve maximum rejection of 60 Hz pickup, the signal 
integrate cycle should be a multiple of 60 Hz. Oscillator fre¬ 
quencies of 240 kHz, 120 kHz, 80 kHz, 60 kHz, 48 kHz, 40 kHz, 
33-1/3 kHz, etc. should be selected. For 50 Hz rejection, 
oscillator frequencies of 200 kHz, 100 kHz, 66-2/3 kHz, 
50 kHz, 40 kHz, etc. would be suitable. Note that 40 kHz (2.5 
readings/second) will reject both 50 and 60 Hz (also 400 and 
440 Hz). 

Component Value Selection 
Auto-Zero Capacitor 

The size of the auto-zero capacitor has some influence on 
the noise of the system. For 200 mV full-scale where noise 
is very important, a 0.47 /uF capacitor is recommended. On 
the 2 volt scale, a 0.047 fxF capacitor increase the speed of 
recovery from overload and is adequate for noise on this 
scale. 

Reference Capacitor 

A 0.1 /uF capacitor is acceptable in most applications. How¬ 
ever, where a large common-mode voltage exists (i.e. the Vin 
pin is not at analog common) and a 200 mV scale is used, a 
large value is required to prevent to roll-over error. Generally 
1.0 /uF will hold the roll-over error to 0.5 count in this instance. 

Integrating Capacitor 

The integrating capacitor should be selected to give the 
maximum voltage swing that ensures tolerance build-up will 
not saturate the integrator swing (approx. 0.3 volt from either 
supply). In the TSC7106 or the TSC7107, when the analog 
common is used as a reference, a nominal ±2 volt full-scale 
integrator swing is acceptable. For the TSC7107 with ±5 volt 
supplies and analog common tied to supply ground, a ±3.5 to 
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Figure 8: TSC7106 Digital Section 
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Figure 9: TSC7107 Digital Section 
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TSC7106 (LCD Drive) 

TSC7107 (LED Drive) _ 

±4 volt swing is nominal. For three readings/second (48 kHz 
clock) nominal values for Cint are 0.22 and 0.10 mF, 
respectively. If different oscillator frequencies are used, 
these values should be changed in inverse proportion to 
maintain the output swing. 

The integrating capacitor must have low dielectric absorp¬ 
tion to prevent roll-over errors. Polypropylene capacitors are 
recommended for this application. 

Integrating Resistor 

Both the buffer amplifier and the integrator have a class A 
output stage with 100 juA of quiescent current. They can 
supply 20 ^lf\ of drive current with negligible non-linearity. 
The integrating resistor should be large enough to remain 
in this very linear region over the input voltage range, but 
small enough that undue leakage requirements are not 
placed on the PC board. For 2 volt full-scale, 470 kH is near 
optimum and similarly a 47 kH for a 200.0 mV scale. 

Oscillator Components 

For all ranges of frequency a 100 kO resistor is recom¬ 
mended and the capacitor is selected from the equation 
f z=-l§_ For 48 kHz clock (3 readings/second), C = 100 pF. 
RC 

Reference Voltage 

The analog input required to generate full-scale output 
(200 counts) is: Vin = 2 Vref- Thus, for the 200.0 mV and 2.000 
volt scale, Vref should equal 100.0 mV and 1.00 volt respec¬ 
tively. However, in many applications where the A/D is 
connected to a transducer, there will exist a scale factor other 
than unity between the input voltage and the digital reading. 
For instance, in a weighing system, the designer might like to 
have a full-scale reading when the voltage form the trans¬ 
ducer is 0.682 V. Instead of dividing the input down to 
200.0 mV, the designer should use the input voltage directly 
and select Vref = 0.341 V. Suitable values for integrating 
resistor and capacitor would be 120 kH and 0.22 /xF. This 
makes the system slightly quieter and also avoids a divider 
network on the input. The TSC7107 with ±5 V supplies can 
accept input signals up to ±4 V. Another advantage of this 
system occurs when a digital reading of zero is desired for Vin 
0. Temperature and weighing systems with a variable tare 
are examples. This offset reading can be conveniently 
generated by connecting the voltage transducer between 
ViN and common and the variable (or fixed) offset voltage 
between common and VFn- 

TSC7107 Power Supplies 

The TSC7107 is designed to work from ±5 V supplies. How¬ 
ever, if a negative supply is not available, it can be generated 
from the clock output with two diodes, two capacitors and an 
inexpensive 1C. Figure 10 shows this application. 

In selected applications no negative supply is required. The 
conditions to use a single +5 V supply are: 

• The input signal can be referenced to the center of the 
common-mode range of the converter. 

• The signal is less than ±1.5 volts. 

• An external reference is used. 


3 1/2 Digit A/D Converter 
• Direct Display Drive 
• Automatic Zero Correction 



Figure 10: Generating Negative Supply From -I- 5V 

Typical Applications 


TO PIN 1 



Figure 11: TSC7106 Using the Internal Reference. (200 
mV Full-Scale, 3 RPS). 



Figure 12: TSC7107 Interna] Reference (200 mV Full- 
Scale, 3 RPS, ViNlied to GND for Single 
Ended Inputs). 
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3 1/2 Digit A/D Converter 

• Direct Display Drive 

• Automatic Zero Correction 


TSC7106 (LCD Drive) 
TSC7107 (LED Drive) 



Figure 13: Circuit for Deveioping Underrange and 
Overrange Signais from TSC7106 Outputs. 



Figure 14: TSC7107 With a 1.2 V Externai Band-Gap 
Reference. VFn Tied to Common). 


Applications Information 

The TSC7107 sinks the LED display current and this causes 
heat to build up in the IC package, If the internal voltage 
reference is used, the changing chip temperature can cause 
the display to change reading. By reducing package power 
dissipation such variations can be reduced. By reducing the 
LED common anode voltage the TSC7107 package power 
dissipation is reduced. 

Figure 17 is a photograph of a curve-tracer display showing 
the relationship between output current and output voltage 
for a typical TSC7107CPL. Since a typical LED has 1.8 volts 
across it at 8 mA, and its common anode is connected to 
+5 V, the TSC7107 output is at 3.2 V (point A on Fig. 17). 
Maximum power dissipation is 8.1 mA X 3.2 V X 24 segments 
= 622 mW. 


TO PIN 1 



Figure 15: TSC7106/TSC7107: Recommended Com¬ 
ponent Values for 2.00 V Full-Scale. 



Figure 16: TSC7107 Operated from Single +5 V Supply. 

An External Reference Must Be Used in This 
Appiication. 


Notice, however, that once the TSC7107 output voltage is 
above two volts, the LED current is essentially constant as 
output voltage increases. Reducing the output voltage by 
0.7 V (point B of Figure 17) results in 7.7 mA of LED current, 
only a 5 percent reduction. Maximum power dissipation is 
now only 7.7 mA X 2.5 V X 24 = 462 mW, a reduction of 26%. 
An output voltage reduction of 1 volt (point C) reduces LED 
current by 10% (7.3 mA) but power dissipation by 38%! (7.3 
mAX2.2 VX 24 = 385 mW). 

Reduced power dissipation is very easy to obtain. Fig. 18 
shows two ways: either a 5.1 ohm, 1M watt resistor or a 1 Amp 
diode placed in series with the display (but not in series with 
the TSC7107). The resistor will reduce the TSC7107 output 
voltage, when all 24 segments are “ON,” to point “C” of Fig. 
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17. When segments turn off, the output voltage will increase. 
The diode, on the other hand, will result in a relatively steady 
output voltage, around point “B.” 

In addition to limiting maximum power dissipation, the resis¬ 
tor reduces the change in power dissipation as the display 
changes. This effect is caused by the fact that, as fewer 
segments are “ON,” each “ON” output drops more voltage 
and current. For the best case of six segments (a “111” dis¬ 
play) to worst case (a “1888” display) the resistor circuit will 


change about 230 mW, while a circuit withoutthe resistor will 
change about 470 mW. Therefore, the resistor will reduce the 
effect of display dissipation on reference voltage drift by 
about 50%. 

The change in LED brightness caused by the resistor is 
almost unnoticeable as more segments turn off. If display 
brightness remaining steady is very Important to the de¬ 
signer, diode may be used instead of the resistor. 



Figure 17: TSC7107 Output Current vs Output Voltage Figure 18: Diode or Resistor Limits Package Power 

Dissipation 


Package Information 




60-Pln Flat Package 



(Package #22) 
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TSC7116A (LCD Drive) 
TSC7117A (LED Drive) 
3 1/2 Digit A/D Converter 
• Low Drift Voltage Reference 
• Display Hold Function 


General Description 

The TSC7116A and TSC7117A 3-1/2 digit CMOS analog-to- 
digital converters contain all the active components neces¬ 
sary to construct a 0.05% resolution measurement system. 
Seven segment decoders, polarity and digit drivers, voltage 
reference and clock circuit are integrated on chip. The 
TSC7116A drives liquid crystal displays (LCD) and includes 
a backplane driver. The TSC7117A drives common anode 
light emitting diode (LED) displays directly with an 8 mA 
drive current per segment. 

The TSC7116A/TSC7117A incorporate the display hold 
(HLDR) function. The displayed reading will remain inde¬ 
finitely as long as HLDR is held high. Conversions continue 
but the output data display latches are not updated. The Vref 
or reference low input is not available as it is with the 
TSC7106/TSC7107. Vref istied internally toanalog common 
in the TSC7116A/TSC7117A devices. 


Features 

• Internal Reference with Low 

Temperature Drift .20 ppm/®C Typical 

50 ppm/®C Maximum 

• Display Hold Function 

• Drives LCD or LED Displays Directly 

• Guaranteed Zero Reading with Zero input 

• Low Noise for Stable Display 

“2.000 V or 200.0 mV Full-Scale Range 

• Auto-Zero Cycle Eliminates Need for Zero Adjustment 
Potentiometer 

• True Polarity Indication for Precision Null Applications 

• Convenient 9 V Battery Operation (TSC7116A) 

• High Impedance CMOS Differential Inputs . 1012 n 

• Low Power Operation . 10 mW 



auto-zero cycle guarantees a zero display reading with a zero 
volt input. 


The TSC7116A/TSC7117A feature a precision low drift 
internal reference. A low drift external reference voltage is 
normally not required. Existing 7116/7117 systems may be 
upgraded without changing external components. 

The TSC7116A/TSC7117A reduce linearity error to less than 
1 count. Rollovererror—the difference in readings for equal 
magnitude but opposite polarity input signals — is below 
±1 count. High impedance differential inputs offer 1 pA 
leakage current and a 1012 n input impedance. The 15 mVp-p 
noise performance guarantees a "rock solid" reading. The 


The TSC7116A/TSC7117A dual slope conversion technique 
automatically rejects interference signals if the converters 
integration time is set to a multiple of the interference signal 
period. This is especially useful in industrial measurement 
environments where 50,60 and 400 Hz line frequency signals 
are present. 

The TSC7116A/TSC7117A are available in a small 60-pin flat 
package for compact designs. Standard devices are offered 
in an industrial temperature range and with burn-in lasting 
for 160 hours at +125®C. 




Figure 1: Typical TSC7116A Operating Circuit 


Figure 2: Typical TSC7117A Operating Circuit 
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3 1/2 Digit A/D Converter 
• Low Drift Voltage Reference 
• Display Hold Function 


Absolute Maximum Ratings 
TSC7116A 

Supply Voltage (V* to V) . 15 V 

Analog Input Voltage (either input) (Note 1) _ to V” 

Reference Input Voltage (either input) . V'*' to V’ 

Clock Input . Test to V"^ 

Power Dissipation (Note 2) 

CerDIP Package . 1000 mW 

Plastic Package . 800 mW 

Operating Temperature 

“C” Devices ...0°Cto+70®C 

“I” Devices.-25° C to 4-85° C 

Storage Temperature . -65°C to+160°C 

Lead Temperature (Soldering, 60 sec) . 300° C 


Stresses above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated 


TSC7117A 

Supply Voltage 

V'' . +6 V 

V" .. -9 V 

Analog Input Voltage (either input) (Note 1) — V"^ to V” 

Reference Input Voltage (either input) .. V"^ to V” 

Clock Input ... GND to V*^ 

Power Dissipation (Note 1) 

CerDIP Package . 1000 mW 

Plastic Package .... 800 mW 

Operating Temperature 

“C” Devices .0°Cto+70° C 

“I” Devices...-25° C to +85° C 

Storage Temperature . -65°C to+160°C 

Lead Temperature (Soldering, 60 sec) .. 300° C 


in the operational sections of the specifications is not implied. Exposure to 
Absolute Maximum Rating Conditions for extended periods may effect device 
reliability. 


Electrical Characteristics (Note 3) 


CHARACTERISTICS 

CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Zero Input Reading 

ViN = 0.0 V 

Full-Scale = 200.0 mV 

-000.0 

±000.0 

+000.0 

Digital Reading 

Ratiometric Reading 

ViN = Vref 

Vref = 100 mV 

999 

999/1000 

1000 

Digital Reading 

Rollover Error (Difference in 

Reading for Equal Positive and 

-ViN = +ViN “ 200.0 mV 

-1 

±0.2 

+1 

Counts 

Negative Reading Near Full-Scale) 

or td.uoo V 





Linearity (Max. Deviation From 

Full-Scale = 200 mV 


±0.2 

+1 

Counts 

Best Straight Line Fit) 

or Full-Scale = 2.000 V 


Common-Mode 

VcM = ±1 V, ViN = 0 V. 


50 


mV/V 

Rejection Ratio (Note 4) 

Full-Scale = 200.0 mV 



Noise (Pk - Pk Value Not 

ViN = 0 V 


15 


mV 

Exceeded 95% of Time) 

Full-Scale = 200.0 mV 



Leakage Current @ Input 

ViN = 0 V 

- 

1 

10 

pA 


< 

z 

11 

o 

< 





Zero Reading Drift 

“C” Device = 0°C to 70® C 

ViN = 0 V 

— 

0.2 

1 

mV/®C 


"1” Device = -25® C to +85® C 

— 

1.0 

2 



ViN = 199.0 mV, 





Scale Factor 

Temperature Coefficient 

"C” Device =0®C to 70® C 
(Ext. Ref = 0 ppm/® C) 

ViN = 199.0 mV 


1 

5 

20 

ppm/®C 

ppm/® C 


‘T’ Device: -25® C to +85® C 





Input Resistance, 

Pin 1 (Note 6) 


30 

70 

- 

kn 

ViL, Pin 1 (TSC7116A only) 


_ 

- 

Test +1.5 

V 

ViL, Pin 1 (TSC7117A only) 




GND +1.5 

V 

ViH, Pin 1 (Both) 


V^’-I.S 

- 

- 

V 

Supply Current (Does Not 

Include LED Current for 7117A) 

< 

z 

11 

o 

- 

0.8 

1.8 

mA 

Analog Common Voltage (With 

25 kn Between Common 

2.7 

3.05 

3.35 

V/ 

Respect to Pos. Supply) 

and Pos. Supply 

V 

Temp. Coeff. of Analog Common 
(With Respect to Pos. Supply) 

“C” Devices: 0®C to +70® C 

- 

20 

50 

ppm/®C 

Temp. Coeff. of Analog Common 
(With Respect to Pos. Supply) 

25 kCl Between Common 

and Pos. Supply 

“1” Devices: -25® C to +85® C 

- 

- 

75 

ppm/®C 
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3 1/2 Digit A/D Converter 

• Low Drift Voltage Reference 

• Display Hold Function 


TSC7116A (LCD Drive) 
TSC7117A (LED Drive) 


Electrical Characteristics (Cent.) 


CHARACTERISTICS 

CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

TSC7116A ONLY Pk - Pk 

Segment Drive Voltage (Note 5) 

V"^ to V" = 9 V 

4 

5 

6 

V 

TSC7116A ONLY Pk - Pk 

Backplane Drive Voltage (Note 5) 

V"" to V“ = 9 V 

4 

5 

6 

V 

TSC7117A ONLY 

Segment Sinking Current 
(Except Pin 19) 

V''-5.0V 

Segment Voltage = 3 V 

5 

8.0 

- 

mA 

TSC7117A ONLY 

Segment Sinking Current 
(Pin 19 Only) 

V^'^S.O V 

Segment Voltage = 3 V 

10 

16 

- 

mA 


NOTES: 

1 Input voltages may exceed the supply voltages provided the input current is 
limited to ± 100 mA. 

2. Dissipation rating assumes device is mounted with all leads soldered to 
printed circuit board. 

3. Unless other wise noted, specifications apply to both the TSC7116A and 
TSC7117A at Ta = 25°C, fcLOCK = 48 kHz. TSC7116A is tested in the circuit 
of Figure 1. TSC7117A is tested in the circuit of Figure 2. 


Pin Configuration 


4. Refer to “Differential Input" discussion. 

5. Backplane drive is in phase with segment drive for‘off’segment, 180° out of 
phase for ‘on’ segment. Frequency is 20 times conversion rate. Average 
dc component is less than 50 mV. 

6. The TSC7116A logic input has an internal pull-down resistor connected 
from HLDR, Pin 1, to TEST, Pin 37. The TSC7117A logic input has an inter¬ 
nal pull-down resistor connected from HLDR, Pin 1 to GROUND, Pin 21. 


I_ ^3 

1000's ►AB4 



NORMAL 

PIN CONFIGURATION 


D2 
C2 

I 82 

10 's 

A2 
^2 

_ E2 

D 3 

100 ’s 

l:: 

1000’s-AB4 
POL 

(MINUS SIGN! 


z o z o 



< li' ui' (£>' 




LL2J y IHJ lliJM 

^ ^ § o'- o- 


Notes: 1. NC = NO INTERNAL CONNECTION 

Z PINS 8, 23, 38 AND 53 ARE CONNECTED TO THE DIE SUBSTRATE. THE POTENTIAL AT THESE 
PINS IS APPROXIMATELY V^ NO EXTERNAL CONNECTIONS SHOULD BE MADE. 


7 - 87 


■VC-TELEDYNE SEMICONDUCOTOR 







TSC7116A (LCD Drive) 
TSC7117A (LED Drive) 


3 1/2 Digit A/D Converter 
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• Display Hold Function 


Ordering Information 


Part No. 

Package 

Pin 

Layout 

Temp. 

Range 

Display 

Drive 

TSC7116ACPL 

40-Pin 

Plastic Dip 

Normal 

0®Cto 
+70® C 

LCD 

TSC7116AIJL 

40-Pin 

CerDIP 

Normal 

-25®Cto 
+85® C 

LCD 

TSC7116ACBQ 

60-Pin 

Plastic Flat 
Package 

Formed 

Leads 

0®Cto 
+70® C 

LCD 

TSC7116ACSQ 

60-Pin 

Plastic Flat 
Package 

Unformed 

Leads 

0®Cto 
+70® C 

LCD 

TSC7117ACPL 

40-Pin 

Plastic Dip 

Normal 

0®Cto 
+70® C 

LED 


Part No. 

Package 

Pin 

Layout 

Temp. 

Range 

Display 

Drive 

TSC7117AIJL 

40-Pin 

CerDIP 

Normal 

-25®Cto 
+85® C 

LED 

TSC7117ACBQ 

60-Pin 

Plastic Flat 
Package 

Formed 

Leads 

0®Cto 
+70® C 

LED 

TSC7117ACSQ 

60-Pin 

Plastic Flat 
Package 

Unformed 

Leads 

0®Cto 
+70® C 

LED 

Devices with Burn-in (160 Hours at +125® C) 

TSC7116ACPL/BI 

40-PI n 

Plastic Dip 

Normal 

0®C to 
+70® C 

LCD 

TSC7117ACPL/BI 

40-Pin 

Plastic Dip 

Normal 

0®Cto 
+70® C 

LED 


Pin Description 


40-Pin DIP 
Pin Number 
Normal 

60-Pin 

Fiat Package 

Pin Number 

Name 

Description 

1 

13 

HLDR 

Hold Pin, Logic 1 holds present display reading. 

2 

14 

Di 

Activates the D section of the units display. 

3 

15 

Ci 

Activates the C section of the units display. 

4 

16 

Bi 

Activates the B section of the units display. 

5 

17 

Ai 

Activates the A section of the units display. 

6 

18 

Fi 

Activates the F section of the units display. 

7 

19 

Gi 

Activates the G section of the units display. 

8 

20 

Ei 

Activates the E section of the units display. 

9 

21 

D2 

Activates the D section of the tens display. 

10 

25 

C2 

Activates the C section of the tens display. 

11 

26 

B2 

Activates the B section of the tens display. 

12 

27 

A2 

Activates the A section of the tens display. 

13 

28 

F2 

Activates the F section of the tens display. 

14 

29 


Activates the E section of the tens display. 

15 

30 

Da 

Activates the D section of the hundreds display. 

16 

31 

Ba 

Activates the B section of the hundreds display. 

17 

32 

Fa 

Activates the F section of the hundreds display. 

18 

33 

Ea 

Activates the E section of the hundreds display. 

19 

34 

AB4 

Activates both halves of the 1 in the thousands dispiay. 

20 

35 

POL 

Activates the negative polarity display. 

21 

36 

BP 

GND 

TSC7116A: LCD Backplane drive output. 

TSC7117A: Digital Ground. 

22 

37 

Ga 

Activates the G section of the hundreds display. 

23 

40 

Aa 

Activates the A section of the hundreds display. 

24 

41 

Ca 

Activates the C section of the hundreds display. 

25 

43 

G2 

Activates the G section of the tens display. 

26 

45 

V" 

Negative power supply voltage. 

27 

46 

Vint 

Integrator output. Connection point for integration capacitor. See 

INTEGRATING CAPACITOR section for additional details. 

28 

47 

Vbuff 

Integration resistor connection. Use a 47 kfl for a 200 mV full-scale 
range and a 470 kn for 2 V full-scale range. 
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3 1/2 Digit A/D Converter 

• Low Drift Voltage Reference 

• Display Hold Function_ 


TSC7116A (LCD Drive) 
TSC7117A (LED Drive) 


Pin Description (Cont.) 


40-Pin DIP 
Pin Number 
Normal 

60-Pln 

Fiat Package 
Pin Number 

Name 

Description 

29 

49 

Caz 

The size of the auto-zero capacitor influences the system noise. Use a 0.47 /uF capacitor for 
a 200 mV full-scale, and a 0.047 nF capacitor for a 2 volt full-scale. See paragraph on 
AUTO-ZERO CAPACITOR for more details. 

30 

51 

Vin 

The analog low input is connected to this pin. 

31 

55 

Vin 

The analog high input signal is connected to this pin. 

32 

57 

Analog 

Common 

This pin is primarily used to set the analog common-mode voltage for battery operation or 
in systems where the Input signal Is referenced to the power supply. See paragraph on 
ANALOG COMMON for more details. It also acts as a reference voltage source. 

33 

58 

Cref 

See pin 34. 

34 

59 

Cref 

A 0.1 /LtF capacitor js used in most applications. If a large common-mode voltage exists 
(for example the Vin pin is not at analog common), and a 200 mV scale is 
used, a 1.0 /uF is recommended and will hold the rollover error to 0.5 count. 

35 

60 

v" 

Positive Power Supply Voltage. 

36 

1 

Vref 

The analog input required to generate a full-scale output (1,999 counts). Place 100 mV 
between pins 32 and 36 for 199.9 mV full-scale. Place 1.00 volts between pins 32 and 36 for 

2 volts full-scale. See paragraph on REFERENCE VOLTAGE. 

37 

3 

Test 

Lamp test. When pulled high (to V"^) all segments will be turned on and the display should 
read -1888. It may also be used as a negative supply for externally generated decimal 
points. See paragraph under TEST for additional information. 

38 

4 

OSC3 

See pin 40. 

39 

6 

OSC2 

See pin 40. 

40 

10 

OSCi 

Pins 40, 39, 38 make up the oscillator section. For a 48 kHz clock (3 readings per section) 
connect pin 40 to the junction of a 100 kf) resistor and a 100 pF capacitor. The 100 kO resistor 
is tied to pin 39 and the 100 pF capacitor is tied to pin 38. 


Anaiog Section 

Figure 3 shows the Block Diagram of the Analog Section for 
the TSC7116A and TSC7117A. Each measurement cycle is 
divided into three phases. They are (1) auto-zero (A-Z), (2) 
signal integrate (INT) and (3) reference (REF). 

Auto-Zero Phase 

Input high and low are disconnected from the pins and inter¬ 
nally shorted to analog common. The reference capacitor is 
charged to the reference voltage. A feedback loop is closed 
around the system to charge the auto-zero capacitor Caz to 
compensate for offset voltages in the buffer amplifier, inte¬ 
grator, and comparator. Since the comparator is included in 
the loop, the A-Z accuracy is limited only by the noise of the 
system. The offset referred to the input is less than 10 /uV. 

signal Integrate Phase 

The auto-zero loop is opened, the internal short is removed, 
and the internal input high and low are connected to the 
external pins. The convert_er then integrates the differential 
voltage between ViNand Vin for a fixed time. This differential 
voltage can be within a wide common-mode range; within 
one volt of either supply. If, on the other hand, the input sig¬ 
nal has no return with respect to the converter power supply, 
Vin can be tied to analog common to establish the correct 
common-mode voltage. At the end of this phase, the polarity 
of the integrated signal is determined. 


Reference Integrate Phase 

The final phase is reference integrate or de-integrate. Input 
low is internally connected toanalog common and inputhigh 
is connected across the previously charged reference capa¬ 
citor. Circuitry within the chip ensures that the capacitor will 
be connected with the correct polarity to cause the i ntegrator 
output to return to zero. The time required for the output to 
return to zero is proportional to the input signal. The digital 
reading displayed is: 

1000 X 

Vref 

Reference ^ 

The positive reference voitage (Vref) is referenced to analog 
common. 

Differential Input 

The input can accept differential voltages anywhere within 
the common-mode range of the input amplifier; or specifi¬ 
cally from 1.0 volts below the positive supply to 1.0 volt above 
the negative supply. In this range the system has a CMRR of 
86 dB typical. However, since the integrator also swings with 
the common-mode voltage, care must beexercised to assure 
the integrator output does not saturate. A worse case condi¬ 
tion would be a large positive common-mode voltage with a 
near full-scale negative differential input voltage. The nega¬ 
tive input signal drives the integrator positive when most of 
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Figure 3: Analog Section of TSC71-t6A/TSC7117A 


its swing has been used up by the positive common-mode 
voitage. For these critical applications the integrator swing 
can be reduced to less than the recommended 2 V full-scale 
swing with little loss of accuracy. The integrator output can 
swing within 0.3 volts of either supply without loss of linearity. 

Analog Common 

This pin is included primarily to set the common-mode volt¬ 
age for battery operation (TSC7116A) orfor any system where 
the input signals are floating with respect to the power sup¬ 
ply. The common pin sets a voltage that is approximately 3.0 
volts more negative than the positive supply. This is selected 
to give a minimum end-of-life battery voltage of about 6 V. 
However, the analog common has some of the attributes of 
a reference voltage. When the total supply voltage is large 
enough to cause the zener to regulate (>7 V), the common 
voltage will have a low voltage coefficient (0.001%/%), iow 
output impedance (-15 Cl), and a temperature coefficient of 
20 ppm/°C typically. 


v+ 



Figure 4: Using an Externai Reference 


An externa! reference may be may be used if necessary. The 
circuit is shown in Figure 4. 

Analog common is also used as the VPn return during auto¬ 
zero and deintegrate. If VfN is different from analog common, 
a common-mode voltage exists in the system and is taken 
care of by the excellent CMRR of the converter. However, in 
some applications vPn will be set at a fixed known voltage 
(power supply common for instance). In this application, 
analog common should be tied to the same point, thus 
removing the common-mode voltage from the converter. 
The same holds true for the reference voltage, if reference 
can be conveniently referenced to analog common, it should 
be since this removes the common-mode voltage from the 
reference system. 

Within the IC, analog common is tied to an N-channel FET 
that can sink 30 mA or more of current to hold the voltage 
3.0 volts below the positive supply (when a load is trying to 
pull the common line positive). However, there is only 10 ^A 
of source current, so common may easily be tied to a more 
negative voltage thus over-riding the internal reference. 

Test 

The TEST pin serves two functions. On the TSC7117A it is 
coupled to the internally generated digital supply through 
a 500 Cl resistor. Thus it can be used as the negative supply 
for externally generated segment drivers such as decimal 
points or any other presentation the user may want to in¬ 
clude on the LCD display. Figures 5 and 6 show such an 
application. No more than a 1 mA load should be applied. 

The second function is a “lamp test.” When TEST is pulled 
high (to V ) all segments will be turned on and the display 
should read -1888. The TEST pin will sinkabout 10 mA under 
these conditions. 
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TSC7116A (LCD Drive) 
TSC7117A (LED Drive) 



Figure 5: Simple Inverter for Fixed Decimal Point 



Figure 6: Exclusive “OR” Gate for Decimal Point Drive 



Digital Section 

Figures 8 and 9 show the digital section for the TSC7116A and 
TSC7117A, respectively. In theTSC7116A (Figure 8), an inter¬ 
nal digital ground is generated from a 6 volt Zener diode and 
a large P channel source follower. This supply is made stiff to 
absorb the large capacitive currents when the back plane 
(BP) voltage is switched. The BP frequency is the clock 
frequency divided by 800. For three readings^econd this is 
a 60 Hz square wave with a nominal amplitude of 5 volts. The 
segments are driven at the same frequency and amplitude 
and are in phase with BP when OFF, but out of phase when 
ON. In all cases, negligible dc voltage exists across the 
segments. 


Figure 9 is the Digital Section of the TSC7117A. It is identical 
to the TSC7116A except that the regulated supply and back 
plane drive have been eliminated and the segment drive is 
typically 8 mA. The 1000 output (pin 19) sinks current from 
two LED segments, and has a 16 mA drive capability. The 
TSC7117A is designed to drive common anode LEDs. 

In both devices, the polarity indication is “on” for negative 
analog inputs. If vPn and vtN are reversed, this indication can 
be reversed also, if desired. 

System Timing 

Figure 9 shows the clocking method used in the TSC7116A 
and TSC7117A. Three clocking methods may be used: 

1. An external oscillator connected to pin 40. 

2. A crystal between pins 39 and 40. 

3. An RC oscillator using all three pins. 

The oscillator frequency is divided by four before it clocks 
the decade counters. It is then further divided to form the 
three convert-cycle phases. These are signal integrate (1000 
counts), reference de-integrate (0 to 2000 counts) and auto¬ 
zero (1000 to 3000 counts). For signals less than full-scale 
auto-zero gets the unused portion of reference de-integrate. 
This makes a complete measure cycle of 4,000 (16,000 clock 
pulses) independent of input voltage. For three readings/ 
second, an oscillator frequency of 48 kHz would be used. 

To achieve maximum rejection of 60 Hz pickup, the signal 
integrate cycle should be a multiple of 60 Hz. Oscillator fre¬ 
quencies of 240 kHz, 120 kHz, 80 kHz, 60 kHz, 48 kHz, 40 kHz, 
33-1/3 kHz, etc. should be selected. For 50 Hz rejection, 
oscillator frequencies of 200 kHz, 100 kHz, 66-2/3 kHz, 
50 kHz, 40 kHz, etc. would be suitable. Note that 40 kHz (2.5 
readings/second) will reject both 50 and 60 Hz (also 400 and 
440 Hz). 

HOLD Reading Input 

When HLDR is at a logic “HI” the latch will not be updated. 
A/D conversions will continue but will not be updated until 
the HLDR is returned to “LOW”. To continuously update the 
display connect to TEST (TSC7116A) or GROUND 
(TSC7117A) or disconnect. This input is CMOS compatible 
with 70K typical resistance to TEST (TSC7116A) or GROUND 
(TSC7117A). 

Component Value Selection 
Auto-Zero Capacitor 

The size of the auto-zero capacitor has some influence on the 
noise of the system. For 200 mV full-scale where noise is very 
important, a 0.47 /uF capacitor is recommended. On the 2 volt 
scale, a 0.047 /uF capacitor increase the speed of recovery 
from overload and is adequate for noise on this scale. 

Reference Capacitor 

A 0.1 /uF capacitor is acceptable in most applications. How¬ 
ever, where a large common-mode voltage exists (i.e. the VPn 
pin is not at analog common) and a 200 mV scale is used, a 
large value is required to prevent to roll-over error. Generally 
1.0 mF will hold the roll-over error to 0.5 count in this instance. 
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Figure 8: TSC7116A Digital Section 
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Figure 9: TSC7117A Digital Section 


TELEDYNE SEMICONDUCTOR 


7 - 92 


























3 1/2 Digit A/D Converter 

• Low Drift Voltage Reference 

• Display Hold Function_ 


Integrating Capacitor 

The integrating capacitor shouid be seiected to give the 
maximum voltage swing that ensures tolerance build-up will 
not saturate the integrator swing (approx. 0.3 volt from either 
supply). In the TSC7116A or the TSC7117A, when the analog 
common is used as a reference, a nominal ±2 volt full-scale 
integrator swing is acceptable. For the TSC7117A with ±5 
volt supplies and analog common tied to supply ground, a 
±3.5 to ±4 volt swing is nominal. For three readings/second 
(48 kHz clock) nominal values for Cint are 0.22 nF and 
0.10 /uF, respectively. If different oscillator frequencies are 
used, these values should be changed in inverse proportion 
to maintain the output swing. 

The integrating capacitor must have low dielectric absorp¬ 
tion to prevent roll-over errors. Polypropylene capacitors are 
recommended for this application. 

Integrating Resistor 

Both the buffer amplifier and the integrator have a class A 
output stage with 100 /xA of quiescent current. They can 
supply 20 fxA of drive current with negligible non-linearity. 
The integrating resistor should be large enough to remain in 
this very linear region over the input voltage range, but small 
enough that undue leakage requirements are not placed on 
the PC board. For 2 volt full-scale, 470 kO is near optimum 
and similarly a 47 kO for a 200.0 mV scale. 

Oscillator Components 

For all ranges of frequency a 100 kO resistor is recom¬ 
mended and the capacitor is selected from the equation 
f = 45 . For 48 kHz clock (3 readings/second), C = 100 pF. 
Rc” 

Reference Voltage 

To generate full-scale output (2000 counts) the analog Input 
required is: Vin = 2 Vref. Thus, for the 200.0 mVand 2.000 volt 
scale, Vref should equal 100.0 mV and 1.00 volt respectively. 
In many applications where the A/D is connected to a trans¬ 
ducer, there will exist a scaie factor between the input voitage 
and the digital reading. For instance, in a measuring system, 
the designer might like to have a full-scale reading when the 
voitage from the transducer is 700 mV. Instead of dividing the 
input down to 200.0 mV, the designer should use the input 
voitage directly and select Vref = 350 mV. Suitable values for 
integrating resistor and capacitor wouid be 120 kH and 
0.22 /uF. This makes the system slightly quieter and also 
avoids a divider network on the input. The TSC7117A with 
±5 V supplies can accept input signals up to ±4 V. Another 
advantage of this system occurs when a digital reading of 
zero is desired for Vin ^ 0. Temperature and weighing sys¬ 
tems with a variable tare are examples. This offset reading 
can be conveniently generated by connecting the voitage 
transducer between \/m and common and the variable (or 
fixed) offset voltage between common and vPn. 

TSC7117A Power Supplies 

The TSC7117A is designed to work from ±5 V supplies. 
However, if a negative supply is not available, it can be 
generated from the clock output with two diodes, two capa¬ 
citors and an inexpensive 1C. Figure 10 shows this applica¬ 
tion. 


TSC7116A (LCD Drive) 
_ TSC7117A (LED Drive) 

In selected applications no negative supply is required. The 
conditions to use a single +5 V supply are: 

• The input signal can be referenced to the center of the 
common-mode range of the converter. 

• The signal is less than ±1.5 volts. 

• An external reference is used. 



Figure 10: Generating Negative Supply From + 5V 

Typical Applications 



Figure 11: TSC7116A Using the Internal Reference 
(200 mV Full-Scale, 3 RPS) 



Figure 12: TSC7117A Internal Reference (200 mV 
Full-Scale, 3 RPS, VFn Tied to GND for 
Single Ended Inputs). 
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Figure 13; Circuit for Developing Underrange and Figure 15; TSC7116A/TSC7117A; Recommended 
Overrange Signals from TSC7116A Component Values for 2.00 V Full-Scale. 

Outputs. 



Figure 14; TSC7117A With a 1.2 V External Band-Gap Figure 16; TSC7117A Operated from Single +5 V 

Reference. VFn Tied to Common). Supply. An External Reference Must Be 

Used in This Application. 


Applications Information 

TheTSC7117AsinkstheLEDdisplaycurrentandthiscauses Notice, however, that once the TSC7117A output voltage is 
heat to build up in the IC package. If the internal voltage above two volts, the LED current is essentially constant as 

reference is used, the changing chip temperature can cause output voltage increases. Reducing the output voltage by 

the display to change reading. By reducing package power 0.7 V (point B of Figure 17) results in 7.7 mAof LED current, 

dissipation such variations can be reduced. By reducing the only a 5 percent reduction. Maximum power dissipation is 

LED common anode voltage the TSC7117A package power now only 7.7 mA X 2.6 V X 24 = 462 mW, a reduction of 26%. 

dissipation is reduced. An output voltage reduction of 1 volt (point C) reduces LED 

Figure 17 is a photograph of a curve-tracer display showing current by 10% (7_.3 mA) but power dissipation by 38%! (7.3 

the relationship between output current and output voltage X 2.2 V X 24 385 mW). 

foratypicalTSC7117ACPL. Since a typical LED has 1.8 volts Reduced power dissipation is very easy to obtain. Fig. 18 

across it at 8 mA, and its common anode is connected to shows two ways: either a 6.1 ohm, 1/4 watt resistor ora 1 Amp 

+5 V, the TSC7117A output is at 3.2 V (point A on Fig. 17). diode placed in series with the display (but not in series with 

Maximum power dissipation is 8.1 mA X 3.2 V X 24 segments the TSC7117). The resistor wili reduce the TSC711 7A output 

= 622 mW. voltage, when all 24 segments are “ON,” to point "C” of Fig. 
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TSC7116A (LCD Drive) 
TSC7117A (LED Drive) 


17. When segments turn off, the output voltage will increase. 
The diode, on the other hand, will result in a relatively steady 
output voltage, around point “B.” 

In addition to limiting maximum power dissipation, the resis¬ 
tor reduces the change in power dissipation as the display 
changes. This effect is caused by the fact that, as fewer 
segments are “ON,” each “ON” output drops more voltage 
and current. For the best case of six segments (a ”111” dis¬ 
play) to worst case (a “1888” display) the resistor circuit will 



Figure 17: TSC7117A Output Current vs. Output Voltage 


change about 230 mW, while acircuitwithoutthe resistor will 
change about 470 mW. Therefore, the resistor will reduce the 
effect of display dissipation on reference voltage drift by 
about 50%. 

The change in LED brightness caused by the resistor is 
almost unnoticeable as more segments turn off. If display 
brightness remaining steady is very important to the de¬ 
signer, diode may be used instead of the resistor. 



Figure 18: Diode or Resistor Limits Package Power 
Dissipation 
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60-Pin Plastic Fiat Package 



“SQ” Package — Unformed Leads 
(Package #22) 


.084 ± .004 


.047 ± .004 


t —*■ .102± .012- 

.0075 



“BQ” Package — Formed Leads 
(Package #21) 
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TSC7116 (LCD Drive) 
TSC7117 (LED Drive) 
3 1/2 Digit A/D Converter 
• Direct Display Drive 
• Display Hold Function 


General Description 

The TSC7116 and TSC7117 3-1/2 digit CMOS analog-to-di- 
gital converters contain all the active components necessary 
to construct a 0.05% resolution measurement system. Seven 
segment decoders, polarity and digit drivers, voltage refer¬ 
ence and clock circuit are integrated on chip. The TSC7116 
drives liquid crystal displays (LCD) and includes a backplane 
driver. The TSC7117 drives common anode light emitting 
diode (LED) displays directly with an 8 mA drive current per 
segment. 

The TSC7116/TSC7117 incorporates the display hold 
(HLDR) function, the displayed reading will remain indefi¬ 
nitely as long as HLDR is held high. Conversions continue 
but the output data display latches are not updated. The Vref 
or reference low input is not available as it is with the 
TSC7106/TSC7107. Vref istied internallyto analog common 
In the TSC7116/TSC7117 devices. 

A low cost, high resolution indicating meter requires only a 
display, four resistors, and fourcapicitors. The TSC7116 low 
power drain and 9 V battery operation make It Ideal for por¬ 
table applications. 

The TSC7116/TSC7117 reduce linearity error to less than 1 
count. Rollover error —the difference in readings for equal 
magnitude but opposite polarity input signals— is below ±1 
count. High impedance differential inputs offer 1 pA leakage 
current and a IO 12 a input impedance. The 15 /uVp-p noise 
performance guarantees a “rock solid” reading. The auto- 


Features 


• Display Hold Function 

• Drives LCD or LED Displays Directly 

• Guaranteed Zero Reading with Zero Input 

• Low Noise for Stable Display 

-2.000 V or 200.0 mV Full-Scale Range 

• Auto-Zero Cycle Eliminates Need for Zero Adjustment 
Potentiometer 

• True Polarity Indication for Precision Null Applications 

• Convenient 9 V Battery Operation (TSC7116) 

• High Impedance CMOS Differential Inputs .IO 12 a 

• Low Power Operation . 10 mW 



zero cycle guarantees a zero display reading with a zero volt 
Input. 

The TSC7116/TSC7117 dual slope conversion technique 
automatically rejects interference signals if the converters 
integration time is set to a multiple of the interference signal 
period. This is especially useful in industrial measurement 
environments where 50,60 and 400 Hz line frequency signals 
are present. 

The TSC7116/TSC7117 are available in a small 60-pin flat 
package for compact designs. Standard devices are offered 
in an industrial temperature range and with burn-in lasting 
for 160 hours at +125°C. 

For applications requiring a more temperature stable internal 
reference voltage refer to the TSC7116A/7107A data sheets. 




Figure 1: Typical TSC7116 Operating Circuit 


Figure 2: Typical TSC7117 Operating Circuit 
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TSC7117 (LED Drive) 


Absolute Maximum Ratings 
TSC7116 

Supply Voltage (V* to V) . 15 V 

Analog Input Voltage (either input) (Note 1) .... V^toV" 

Reference Input Voltage (either Input) . V'*’ to V” 

Clock Input . Test to 

Power Dissipation (Note 2) 

CerDIP Package . 1000 mW 

Plastic Package . 800 mW 

Operating Temperature 

“C” Devices .0®Cto+70®C 

“I” Devices.-25® C to+85®C 

Storage Temperature ... -65® C to +160®C 

Lead Temperature (Soldering, 60 sec) . 300® C 


Stresses above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated 


3 1/2 Digit A/D Converter 
• Direct Display Drive 
• Display Hold Function 


TSC7117 

Supply Voltage 

V* . +6 V 

V‘ .. -9 V 

Analog Input Voltage (either input) (Note 1) _ V"^ to V” 

Reference Input Voltage (either input) . V"^ to V" 

Clock Input ...GND to 

Power Dissipation (Note 1) 

CerDIP Package . 1000 mW 

Plastic Package . 800 mW 

Operating Temperature 

“C” Devices .0®C to +70® C 

‘T’ Devices.-25® C to +85® C 

Storage Temperature . -65®C to+160®C 

Lead Temperature (Soldering, 60 sec) . 300®C 


in the operational sections of the specifications is not implied. Exposure to 
Absolute Maximum Rating Conditions for extended periods may effect device 
reliability. 


Electrical Characteristics 

(Note 3) 





CHARACTERISTICS 

CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Zero Input Reading ^ 

ViN = 0.0 V 

Full-Scale = 200.0 mV 

-000.0 

±000.0 

±000.0 

Digital Reading 

Ratiometric Reading 

ViN = Vref 

VREF=100mV 

999 

999/1000 

1000 

Digital Reading 

Rollover Error (Difference in 

Reading for Equal Positive and 

Negative Reading Near Full-Scale) 

-ViN = +ViN 200.0 mV 

-1 

±0.2 

+1 

Counts 

Linearity (Max. Deviation From 

Best Straight Line Fit) 

Full-Scale = 200 mV 
or Full-Scale = 2.000 V 

-1 

±0.2 

+1 

Counts 

Common-Mode 

Rejection Ratio (Note 4) 

VcM = ±1 V, ViN = 0 V. 

Full-Scale = 200.0 mV 

- 

50 

- 

mV/V 

Noise (Pk - Pk Value Not 

Exceeded 95% of Time) 

ViN = 0 V 

Full-Scale = 200.0 mV 

- 

15 

- 

mV 

Leakage Current @ Input 

ViN = 0 V 

— 

1 

10 

pA 

Zero Reading Drift 

ViN = 0 V 

"C” Device = 0®C to 70® C 

ViN = 0 V 

- 

0.2 

1 

/xV/®C 


“1” Device = -25® C to +85® C 

— 

1.0 

2 


Scale Factor 

Temperature Coefficient 

ViN = 199.0 mV, 

“C” Device = 0®C to 70® C 
(Ext. Ref = 0 ppm/®C) 

ViN = 199.0 mV 

“1” Device: -25®Cto +85® C 

- 

1 

5 

20 

ppm/®C 

ppm/®C 

Input Resistance, 

Pin 1 (Note 6) 


30 

70 

- 

kn 

ViL, Pin 1 (TSC7116only) 


— 

— 

Test +1.5 

V 

ViL Pin 1 (TSC7117only) 


— 

— 

GND+1.5 

V 

ViH, Pin 1 (Both) 


V"'-1.5 

- 

- 

V 

Supply Current (Does Not 

Include LED Current for 7107) 

< 

z 

II 

o 

- 

0.8 

1.8 

mA 

Analog Common Voltage (With 

Respect to Pos. Supply) 

25 kfl Between Common 
and Pos. Supply 

2.4 

2.8 

3.2 

V 

Temp. Coeff. of Analog common 
(With Respect to Pos. Supply) 

25 kn Between Common 
and Pos. Supply 

- 

80 

- 

ppm/®C 

TSC7116 0NLY Pk - Pk 

Segment Drive Voltage (Note 5) 

V"^ to V" = 9 V 

4 

5 

6 

V 
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Eiectricai Characteristics (Cent.) 

CHARACTERISTICS 

CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

TSC7116 0NLY Pk - Pk 

Backplane Drive Voltage (Note 5) 

V"" to V' = 9 V 

4 

5 

6 

V 

TSC7117 ONLY 

Segment Sinking Current 
(Except Pin 19) 

V"" = 5.0 V 

Segment Voltage = 3 V 

5 

8.0 

- 

mA 

TSC7117 ONLY 

Segment Sinking Current 
(Pin 19 Only) 

V'^= 5.0 V 

Segment Voltage = 3 V 

10 

16 

- 

mA 


NOTES: 

1. Input voltages may exceed the supply voltages provided the input current is 
limited to ± 100 /xA, 

2. Dissipation rating assumes device is mounted with all leads soldered to 
printed circuit board. 

3. Unless other wise noted, specifications apply to both the TSC7116 and 
TSC7117 at Ta = 25° C, fcLOCK = 48 kHz. TSC7116 is tested in the circuit of 
Figure 1. TSC7117 is tested in the circuit of Figure 2. 


4. Refer to "Differential Input" discussion. 

5. Backplane drive is in phase with segment drive for'off’segment, 180° out of 
phase for ‘on’ segment. Frequency is 20 times conversion rate. Average 
dc component is less than 50 mV. 

6. The TSC7116 logic input has an internal pull-down resistor connected from 
HLDR, Pin 1, to TEST, Pin 37. TheTSC7117 logic input has an internal pull¬ 
down resistor connected from HLDR, Pin 1 to GROUND, Pin 21. 


Pin Configuration 


HLDR [ 

Dl I 2 [ 

Gl I 7 

El rr 

02 rr 

C2 I 10 

b 2 irr^ 

A2 rT2~| 

F2 f 13 

_ ^2 DU 
03 nr 

B3 I 16 [ 

I ^3DE 

I_ ^3 HE 

1000 's—AB 4 nr 

POL [" 20 " 
(MINUS SIGN) 




NORMAL 

PIN CONFIGURATION 


TSC7116 


40 |OSCi 
|~3in OSC2 

38~|0SC3 

JZ] '•'est 
I 36 I VreF 


J ^REF 

-I ANALOG 
J COMMON 


31 I V' 


JLJCaz 
HU '^BUFF 

26~|V~ 

IE]°2“1 
in ^3 ' 

_I 


100's 


8 03 

BP 

(BACK PLANE) 


> Z O 


'/[NT 

'^BUFF 

NC ^ 

Oaz [49 

NC [50 

VfN 
NC m 

SUB ^ 
NC [54 

vf^i [55 
NC m 

COMMON [57 
CreF [58 
OrEF 

v+ [iol 


[^[^[^[4^[7;]|^p][38|[ri|36l|35][ri[33][r|[3U 


28] F 2 

23 A2 
H ^2 

^ C 2 
13 NC 
23) SUB 
2 ^ NC 

23 D2 
H El 

^Gi 

iH '=1 

m Ai 


LllUJLiJL±lLiJ|6jbjllJllJll0]lLllll2]ll3jllljll^ 


_HLDR [ 

Ol[ 

^1[ 

Bi [ 4 I 

rrj 

Gir7-| 

_ Ei|7 

D2[ 

C2 Qo^ 
«2[ 

A 2 [ 

P2[ 

_ E2[ 

O 3 I 15 I 

. ®3[ 

T ''' 

1_ E3 I 18 

1000's— AB 4 nr 

POL ( 20 
(MINUS SIGN) 


> Z C3 Z O < 




NORMAL 

PIN CONFIGURATION 


TSC7117 


B OSC 1 
OSC 2 
3F~|0SC3 
37~| TEST 

HU Vref 

B V^ 

OreF 

HU^REf 

ANALOG 

-^ COMMO^ 

HU^Tn 

HDvrN 

HUcaz 
HU''buff 
r~1V|NT 


26 |V~ 
25102 

m^3 

[2r|A3 
22 IG 3 
21 IgND 


n 

lOO'i 

J 



PINS IS APPROXIMATELY V+. NO EXTERNAL CONNECTIONS SHOULD BE MADE. 
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Ordering Information 


Part No. 

Package 

Pin 

Layout 

Temp. 

Range 

Display 

Drive 

TSC7116CPL 

40-Pin 

Plastic Dip 

Normal 

0®C to 
+70® C 

LCD 

TSC7116IPL 

40-Pin 

Plastic Dip 

Normal 

-25®Cto 
+85® C 

LCD 

TSC7116CJL 

40-Pin 

CerDIP 

Normal 

0®C to 
+70® C 

LCD 

TSC7116IJL 

40-Pin 

CerDIP 

Normal 

-25®Cto 
+85® C 

LCD 

TSC7116CBQ 

60-Pin 

Plastic Flat 
Package 

Formed 

Leads 

0®C to 
+70® C 

LCD 

TSC7116CSQ 

60-Pin 

Plastic Flat 
Package 

Unformed 

Leads 

0®C to 
+70® C 

LCD 

TSC7117CPL 

40-Pin 

Plastic Dip 

Normal 

0®C to 
+70® C 

LED 

TSC7117IPL 

40-Pin 

Plastic Dip 

Normal 

-25®C to 
+85® C 

LED 


Part No. 

Package 

Pin 

Layout 

Temp. 

Range 

Display 

Drive 

TSC7117CJL 

40-Pin 

CerDIP 

Normal 

0®C to 
+70® C 

LED 

TSC7117IJL 

40-Pin 

CerDIP 

Normal 

-25®Cto 
+85® C 

LED 

TSC7117CBQ 

60-Pin 

Plastic Flat 
Package 

Formed 

Leads 

0®C to 
+70® C 

LED 

TSC7117CSQ 

60-Pin 

Plastic Flat 
Package 

Unformed 

Leads 

0®Cto 
+70® C 

LED 

Devices with Burn-In (160 Hours at +125® C) 

TSC7116CPL/BI 

40-Pin 

Plastic Dip 

Normal 

0®C to 
+70® C 

LCD 

TSC7117CPL/BI 

40-Pin 

Plastic Dip 

Normal 

0®C to 
+70® C 

LED 


Pin Description 


40-Pin DIP 
Pin Number 

60-Pin 

Flat Package 

Pin Number 

Name 

Description 

1 

13 

HLDR 

Hold Pin, Logic 1 holds present display reading. 

2 

14 

Dl 

Activates the D section of the units display. 

3 

15 

Cl 

Activates the C section of the units display. 

4 

16 

Bi 

Activates the B section of the units display. 

5 

17 

Ai 

Activates the A section of the units display. 

6 

18 

Fi 

Activates the F section of the units display. 

7 

19 

Gi 

Activates the G section of the units display. 

8 

20 

El 

Activates the E section of the units display. 

9 

21 

D2 

Activates the D section of the tens display. 

10 

25 

C2 

Activates the C section of the tens display. 

11 

26 

B2 

Activates the B section of the tens display. 

12 

27 

A2 

Activates the A section of the tens display. 

13 

28 

F2 

Activates the F section of the tens display. 

14 

29 

E2 

Activates the E section of the tens display. 

15 

30 

D3 

Activates the D section of the hundreds display. 

16 

31 

B3 

Activates the B section of the hundreds display. 

17 

32 

F3 

Activates the F section of the hundreds display. 

18 

33 

E3 

Activates the E section of the hundreds display. 

19 

34 

AB4 

Activates both halves of the 1 in the thousands display. 

20 

35 

POL 

Activates the negative polarity display. 

21 

36 

BP 

GND 

TSC7116: LCD Backplane drive output. 

TSC7117: Digital Ground. 

22 

37 

G3 

Activates the G section of the hundreds display. 

23 

40 

A3 

Activates the A section of the hundreds display. 

24 

41 

C3 

Activates the C section of the hundreds display. 

25 

43 

G2 

Activates the G section of the tens display. 

26 

45 

V" 

Negative power supply voltage. 

27 

46 

Vint 

Integrator output. Connection point for integration capacitor. See 

INTEGRATING CAPACITOR section for additional details. 
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Pin Description (Cont.) 


40-Pln DIP 
Pin Number 
Normal 

60-Pin 

Flat Package 
Pin Nuniber 

Name 

Description 

28 

47 

Vbuff 

Integration resistor connection. Use a 47 kfl for a 200 mV full-scale 
range and a 470 kH for 2 V full-scale range. 

29 

49 

Caz 

The size of the auto-zero capacitor influences the system noise. Use a 0.47 juF capacitor for 
a 200 mV full-scale, and a 0.047 mF capacitor for a 2 volt full-scale. See paragraph on 
AUTO-ZERO CAPAOITOR for more details. 

30 

51 

Vin 

The analog low input is connected to this pin. 

31 

55 

Vin 

The analog high input signal is connected to this pin. 

32 

57 

Analog 

Common 

This pin is primarily used to set the analog common-mode voltage for battery operation or 
in systems where the input signal is referenced to the power supply. See paragraph on 
ANALOG COMMON for more details. It also acts as a reference voltage source. 

33 

58 

Cref 

See pin 34. 

34 

59 

Cref 

A 0.1 )uF capacitor]s used in most applications. If a large common-mode voltage exists 
(for example the Vin pin is not at analog common), and a 200 mV scale is 
used, a 1.0 ^xF is recommended and will hold the rollover error to 0.5 count. 

35 

60 

V" 

Positive Power Supply Voltage. 

36 

1 

Vref 

The analog input required to generate a full-scale output (1,999 counts). Place 100 mV 
between pins 32 and 36 for 199.9 mV full-scale. Place 1.00 volts between pins 32 and 36 for 

2 volts full-scale. See paragraph on REFERENCE VOLTAGE. 

37 

3 

Test 

Lamp test. When pulled high (to V"^) all segments will be turned on and the display should 
read -1888. It may also be used as a negative supply for externally generated decimal 
points. See paragraph under TEST for additional information. 

38 

4 

OSC3 

See pin 40. 

39 

6 

OSC2 

See pin 40. 

40 

10 

OSCi 

Pins 40, 39, 38 make up the oscillator section. For a 48 kHz clock (3 readings per section) 
connect pin 40 to the junction of a 100 kCL resistor and a 100 pF capacitor. The 100 kfi resistor 
is tied to pin 39 and the 100 pF capacitor is tied to pin 38. 



Analog Section 

Figure 3 shows the Block Diagram of the Analog Section for 
the TSC7116 and TSC7117. Each measurement cycle is 
divided into three phases. They are (1) auto-zero (A-Z), (2) 
signal integrate (INT) and (3) reference (REF). 

Auto-Zero Phase 

Input high and low are disconnected from the pins and inter¬ 
nally shorted to analog common. The reference capacitor is 
charged to the reference voltage. A feedback loop is closed 
around the system to charge the auto-zero capacitor Caz to 
compensate for offset voltages in the buffer amplifier, inte¬ 
grator, and comparator. Since the comparator is included in 
the loop, the A-Z accuracy is limited only by the noise of the 
system. The offset referred to the input is less than 10 juV. 

Signal Integrate Phase 

The auto-zero loop is opened, the internal short is removed, 
and the internal input high and low are connected to the 
external pins. The converter then integrates the differential 
voltage between ViNand Vin for a fixed time. This differential 
voltage can be within a wide common-mode range; within 
one volt of either suppiy. If, on the other hand, the input sig¬ 
nal has no return with respect to the converter power supply, 
Vin can be tied to analog common to establish the correct 
common-mode voltage. At the end of this phase, the polarity 
of the integrated signal is determined. 


Reference Integrate Phase 

The final phase is reference integrate or de-integrate. Input 
low is internally connected to analog common and input high 
is connected across the previously charged reference capa¬ 
citor. Circuitry within the chip ensures that the capacitor will 
be connected with thecorrect polarity to cause the integrator 
output to return to zero. The time required for the output to 
return to zero is proportional to the input signal. The digital 
reading displayed is: 


Vref 

Reference 

The positive reference voltage (Vref) is referenced to analog 
common. 

Differential input 

The input can accept differential voltages anywhere within 
the common-mode range of the input amplifier; or specifi¬ 
cally from 1.0 volts below the positive supply to 1.0 volt above 
the negative supply. In this range the system has a CMRR of 
86 dB typical. However, since the integrator also swings with 
the common-mode voltage, care must be exercised to assure 
the integrator output does not saturate. A worse case condi¬ 
tion would be a large positive common-mode voltage with a 
near full-scale negative differential input voltage. The nega¬ 
tive input signal drives the integrator positive when most of 
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Figure 3: Analog Section of TSC7116/TSC7117 


its swing has been used up by the positive common-mode 
voitage. For these criticai applications the integrator swing 
can be reduced to less than the recommended 2 V full-scale 
swing with little loss of accuracy. The integrator output can 
swing within 0.3 volts of either supply without loss of linearity. 

Analog Common 

This pin is included primarily to set the common-mode volt¬ 
age for battery operation (TSC7116) or for any system where 
the input signals are floating with respect to the power sup¬ 
ply. The common pin sets a voltage that is approximately 2.8 
volts more negative than the positive supply. This is selected 
to give a minimum end-of-life battery voltage of about 6 V. 
However, the analog common has some of the attributes of 
a reference voltage. When the total supply voltage is large 
enough to cause the zener to regulate (>7 V), the common 
voltage will have a low voltage coefficient (0.001%/%), low 
output impedance (“15 Cl), and a temperature coefficient of 
80 ppm/®C typically. 


v+ 



FIgurt 4: Using an External Reference 


An external reference may be added to improve temperature 
stability or the TSC7116A/TSC7117A devices with lower 
analog common temperature drift may be used. The circuit is 
shown in Figure 4. 

Analog common is also used as the Vin return during auto¬ 
zero and deintegrate. If Vin is different from analog common, 
a common-mode voltage exists in the system and is taken 
care of by the excellent CMRR of the converter. However, in 
some applications Vin will be set at a fixed known voltage 
(power supply common for instance). In this application, 
analog common should be tied to the same point, thus 
removing the common-mode voltage from the converter. 
The same holds true for the reference voltage. If reference 
can be conveniently referenced to analog common, it should 
be since this removes the common-mode voltage from the 
reference system. 

Within the 1C, analog common is tied to an N-channel FET 
that can sink 30 mA or more of current to hold the voltage 
2.8 volts below the positive supply (when a load is trying to 
pull the common line positive). However, there is only 10 mA 
of source current, so common may easily be tied to a more 
negative voltage thus over-riding the internal reference. 

Test 

The TEST pin serves two functions. On the TSC7117 it is 
coupled to the internally generated digital supply through 
a 500 n resistor. Thus it can be used as the negative supply 
for externally generated segment drivers such as decimal 
points or any other presentation the user may want to in¬ 
clude on the LCD display. Figures 5 and 6 show such an 
application. No more than a 1 mA load should be applied. 

The second function is a “lamp test.” When TEST is pulled 
high (to V*^) all segments will be turned on and the display 
should read -1888. The TEST pinwillsinkaboutlOmAunder 
these conditions. 
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Figure 6: Exclusive “OR” Gate for Decimal Point Drive 



Digital Section 

Figures 8 and 9 show the digital section for the TSC7116 and 
TSC7117, respectively. In the TSC7116 (Figures), an inter¬ 
nal digital ground is generated from a 6 volt Zener diode and 
a large P channel source follower. This supply is made stiff to 
absorb the large capacitive currents when the back plane 
(BP) voltage is switched. The BP frequency is the clock 
frequency divided by 800. For three readings^econd this is 
a 60 Hz square wave with a nominal amplitude of 5 volts. The 
segments are driven at the same frequency and amplitude 
and are in phase with BP when OFF, but out of phase when 
ON. In all cases, negligible dc voltage exists across the 
segments. 


Figure 9 is the Digital Section of the TSC7117. it is identical 
to the TSC7116 except that the regulated supply and back 
plane drive have been eliminated and the segment drive is 
typically 8 mA. The 1000 output (pin 19) sinks current from 
two LED segments, and has a 16 mA drive capability. The 
TSC7117 is designed to drive common anode LEDs. 

In both devices, the polarity indication is “on” for negative 
analog inputs. If VTn and Vin are reversed, this indication can 
be reversed also, if desired. 

System Timing 

Figure 9 shows the clocking method used intheTSC7116and 
TSC7117. Three clocking methods may be used: 

1. An external oscillator connected to pin 40. 

2. A crystal between pins 39 and 40. 

3. An RC oscillator using all three pins. 

The oscillator frequency is divided by four before it clocks the 
decade counters. It is then further divided to form the three 
convert-cycle phases. These are signal integrate (1000 
counts), reference de-integrate (Oto 2000 counts) and auto¬ 
zero (1000 to 3000 counts). For signals less than full-scale 
auto-zero gets the unused portion of reference de-integrate. 
This makes a complete measure cycle of 4,000 (16,000 clock 
pulses) independent of input voltage. For three readings/ 
second, an oscillator frequency of 48 kHz would be used. 

To achieve maximum rejection of 60 Hz pickup, the signal 
integrate cycle should be a multiple of 60 Hz. Oscillator fre¬ 
quencies of 240 kHz, 120 kHz, 80 kHz, 60 kHz, 43 kHz, 40 kHz, 
33-1/3 kHz, etc. should be selected. For 60 Hz rejection, oscil¬ 
lator frequencies of 200 kHz, 100 kHz, 66-2/3 kHz, 50 kHz, 
40 kHz, etc. would be suitable. Note that 40 kHz (2 5 readings/ 
second) will reject both 50 and 60 Hz (also 400 and 440 Hz). 

HOLD Reading Input 

When HLDR is at a logic “HI” the latch will not be updated. 
A/D conversions will continue but will not be updated until 
the HLDR is returned to “LOW”. To continuously update the 
display connect to TEST (TSC7116) orGROUND (TSC7117) 
or disconnect. This input is CMOS compatible with 70K typi¬ 
cal resistance to TEST (TSC7116) or GROUND (TSC7117). 

Component Value Selection 
Auto-Zero Capacitor 

The size of the auto-zero capacitor has some influence on the 
noise of the system. For 200 mV full-scale where noise is very 
important, a 0.47 /uF capacitor is recommended. On the 2 volt 
scale, a 0.047 )uF capacitor increase the speed of recovery 
from overload and is adequate for noise on this scale. 

Reference Capacitor 

A 0.1 /uF capacitor is acceptable in most applications. How¬ 
ever, where a large common-mode voltage exists (i.e. the Vin 
pin is not at analog common) and a 200 mV scale is used, a 
large value is required to prevent to roll-over error. Generally 
1.0 fxF will hold the roll-over error to 0.5 count in this instance. 


7 - 103 


TELEDYNE SEMICONDUCTOR 











TSC7116 (LCD Drive) 
TSC7117 (LED Drive) 


3 1/2 Digit A/D Converter 
• Direct Display Drive 
• Display Hold Function 



I Cl Cl 

I o o 



thousandHH hundredstens H— units 


TO switch drivers - 
FROM COMPARATOR OUTPUT - 


Figure 9: TSC7117 Digital Section 


7 - 104 


WTELEDYISIE SEMICONDUCTOR 

























3 1/2 Digit A/D Converter 

• Direct Display Drive TSC7116 (LCD Drive) 

• Display Hold Function _ TSC7117 (LED Drive) 


Integrating Capacitor 

The integrating capacitor should be selected to give the 
maximum voltage swing that ensures tolerance build-up will 
not saturate the integrator swing (approx. 0.3 volt from either 
supply). In the TSC7116 or the TSC7117, when the analog 
common is used as a reference, a nominal ±2 volt full-scale 
integrator swing is acceptable. For the TSC7117 with ±5 volt 
supplies and analog common tied tosupply ground, a±3.5to 
±4 volt swing is nominal. For three readings/second (48 kHz 
clock) nominal values for Cint are 0.22 /xlF and 0.10 fxF, 
respectively. If different oscillator frequencies are used, 
these values should be changed in inverse proportion to 
maintain the output swing. 

The integrating capacitor must have low dielectric absorp¬ 
tion to prevent roll-over errors. Polypropylene capacitors are 
recommended for this application. 

Integrating Resistor 

Both the buffer amplifier and the integrator have a class A 
output stage with 100 /xA of quiescent current. They can 
supply 20 iiA of drive current with negligible non-linearity. 
The integrating resistor should be large enough to remain in 
this very linear region over the input voltage range, but small 
enough that undue leakage requirements are not placed on 
the PC board. For 2 volt full-scale, 470 kfl is near optimum 
and similarly a 47 kn for a 200.0 mV scale. 

Oscillator Components 

For all ranges of frequency a 100 kO resistor is recom¬ 
mended and the capacitor is selected from the equation 
f = 45 . For 48 kHz clock (3 readings/second), C = 100 pF. 
RC~ 

Reference Voltage 

To generate full-scale output (2000 counts) the analog input 
required is; Vin = 2 Vref- Thus, for the 200.0 mV and 2.000 volt 
scale, Vref should equal 100.0 mV and 1.00 volt respectively. 
In many applications where the A/D is connected to a trans¬ 
ducer, there will exist a scale factor between the input voltage 
and the digital reading. For instance, in a measuring system, 
the designer might like to have a full-scale reading when the 
voltage from the transducer is 700 mV. Instead of dividing the 
input down to 200.0 mV, the designer should use the Input 
voltage directly and select Vref = 350 mV. Suitable values for 
integrating resistor and capacitor would be 120 ka and 0.22/xF. 
This makes the system slightly quieter and also avoids a 
divider network on the input. The TSC7117 with ±5 V supplies 
can accept input signals up to ±4 V. Another advantage of 
this system occurs when a digital reading of zero is desired 
for Vin ^ 0. Temperature and weighing systems with a 
variable tare are examples. This offset reading can be con¬ 
veniently generated by connecting the voltage transducer 
between Vin and common and the variable (or fixed) offset 
voltage between common and Vin. 

TSC7117 Power Supplies 

The TSC7117 is designed to work from ±5 V supplies. How¬ 
ever, if a negative supply is not available, it can be generated 
from the clock output with two diodes, two capacitors and an 
inexpensive 1C. Figure 10 shows this application. 


In selected applications no negative supply is required. The 
conditions to use a single +5 V supply are: 

• The input signal can be referenced to the center of the 
common-mode range of the converter. 

• The signal is less than ±1.5 volts. 

• An external reference is used. 



Figure 10: Generating Negative Supply From + 5V 


Typical Applications 



Figure 11: TSC7116 Using the Internal Reference 
(200 mV Full-Scale, 3 RPS) 



Figure 12: TSC7117 Internal Reference (200 mV Full- 
Scale, 3 RPS, Vin Tied to GND for Single 
Ended Inputs). 
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Figure 13: Circuit for Deveioping Underrange and 

Overrange Signais from TSC7116 Outputs. 



Figure 14; TSC7117 With a 1.2 V Externai Band-Gap 
Reference. VFn Tied to Common). 

Applications Information 

The TSC7117 sinks the LED display current and this causes 
heat to build up in the IC package. If the internal voltage 
reference is used, the changing chip temperature can cause 
the display to change reading. By reducing package power 
dissipation such variations can be reduced. By reducing the 
LED common |node voltage the TSC7117 package power 
dissipation is reduced. 

Figure 17 is a photograph of a curve-^tracer display showing 
the relationship between output current and output voltage 
for a typical TSC7117CPL. Since a typical LED has 1.8 volts 
across it at 8 mA, and its common anode is connected to 
+5 V, the TSC7117 output is at 3.2 V (point A on Fig. 17). 
Maximum power dissipation is 8.1 mA X 3.2 V X 24 segments 
= 622 mW. 



Figure 15: TSC7116/TSC7117: Recommended Com¬ 
ponent Values for 2.00 V Full-Scale. 



Figure 16: TSC7117 Operated from Single +5 V 

Supply. An External Reference Must Be 
Used in This Application. 


Notice, however, that once the TSC7117 output voltage is 
above two volts, the LED current is essentially constant as 
output voltage increases. Reducing the output voltage by 
0.7 V (point B of Figure 17) results in 7.7 mA of LED current, 
only a 5 percent reduction. Maximum power dissipation is 
now only 7.7 mA X 2.5 V X 24 = 462 mW, a reduction of 26%. 
An output voltage reduction of 1 volt (point C) reduces LED 
current by 10% (7.3 mA) but power dissipation by 38%! (7.3 
mAX2.2 VX 24 = 385 mW). 

Reduced power dissipation is very easy to obtain. Fig. 18 
shows two ways: either a 5.1 ohm, 1/4 watt resistor ora 1 Amp 
diode placed in series with the display (but not in series with 
the TSC7117). The resistor will reduce the TSC7117 output 
voltage, when ail 24 segments are “ON,” to point “C” of Fig. 
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17. When segments turn off, the output voltage will increase. 
The diode, on the other hand, will result in a relatively steady 
output voltage, around point "B.” 

In addition to limiting maximum power dissipation, the resis¬ 
tor reduces the change in power dissipation as the display 
changes. This effect is caused by the fact that, as fewer 
segments are “ON," each “ON” output drops more voltage 
and current. For the best case of six segments (a “111" dis¬ 
play) to worst case (a “1888" display) the resistor circuit will 



Figure 17: TSC7117 Output Current vs Output Voltage 


change about 230 mW, while acircultwithoutthe resistor will 
change about 470 mW. Therefore, the resistor will reduce the 
effect of display dissipation on reference voltage drift by 
about 50%. 

The change in LED brightness caused by the resistor is 
almost unnoticeable as more segments turn off. If display 
brightness remaining steady is very important to the de¬ 
signer, diode may be used instead of the resistor. 



Figure 18: Diode or Resistor Limits Package Power 
Dissipation 


7 - 107 


W TELEDYNE SEMICONDUCTOR 


























TSC7116 (LCD Drive) 
TSC7117 (LED Drive) 


3 1/2 Digit A/D Converter 
• Direct Display Drive 
• Display Hold Function 


Package Information 



WTELEDVNE SEMICONDUCTOR 


7 - 108 



TELEDYNE TSC7126A 

SEMICONDUCTOR ^ 1/2 Digit A/D Converter 

• Low Power Dissipation - 900 mW Max. 
» 35 ppm/°C Internal Relerence 


General Description Features 


TheTSC7126A isa low powers 1/2 Digit LCD display analog 
to digital converter that allows existing 7126 based systems 
to be upgraded. An improved internal zener reference vol¬ 
tage circuit maintains the analog common temperature drift 
to 35 ppm/° C typically. A 75 ppm/° C maximum iimit is gua¬ 
ranteed. This represents a 2 to 4 times improvement over 
simiiar 3 1/2 digit converters. 

Existing TSC7126 or ICL7126 based systems may be up¬ 
graded without changing externai passive component values. 
The costly, space consuming external reference source may 
be removed. Power dissipation is a low 900 /xW maximum. 
Long battery iife is guaranteed; a key design consideration in 
portabie or battery back-up systems. 

The TSC7126A limits linearity error to less than 1 count on 
200 mV or 2.00 V full-scale ranges. Rollover error - the differ¬ 
ence in readings for equal magnitude but opposite polarity 
input signals - is below ±1 count. High impedance differential 
inputs offer 1 pA leakage currents and a Cl input impe¬ 
dance. The differential reference input allows ratiometric 
measurements for ohms or bridge transducer measurements. 
The 15 M^p-p noise performance guarantees a “rock solid” 
reading. The auto zero cycle guarantees a zero display readout 
for a zero volt input. 

The single chip CMOS TSC7126A incorporates all the active 
devices for a 3 1/2 digit analog to digital converter to directly 
drive an LCD display. The internal oscillator, precision voltage 
reference and display segment/backplane drivers simplify 
system integration, reduce board space requirements and 
lower total cost. A low cost, high resolution -0.05% - indicating 
meter requires only a display, four resistors, four capacitors 
and a 9 V battery. The flat package option eases the mechani¬ 
cal design of low cost, hand held multimeters. 

The TSC7126A dual slope conversion technique rejects inter¬ 
ference signals if the converters integration time is set to a 
multiple of the interference signal period. This is especially 
useful in industrial measurement environments where 50, 60 
and 400 Hz line frequency signals are present. 


Typical Applications 

• Thermometry 

• Bridge Readouts (Strain Gauges, Load Cells, 
Null Detectors) 

® Digital Meters 

- Voltage/Current/Ohms/Power 
-pH 

- Capacitance/Inductance 

- Fluid Flow Rate/Viscosity/Level 

- Humidity 

- Position 

• Digital Scales 
® Panel Meters 

• LVDT Indicators 

• Portable Instrumentation 

• Power Supply Readouts 

• Process Monitors 

• Gaussometers 

• Photometers 


• Internal Reference With Low 

Temperature Drift.35 ppm/°C Typical 

75 ppm/°C Maximum 

• Guaranteed Zero Reading With Zero Input 

• Low Noise. 15 iuVp-p 

• High Resolution (0.05%) and Wide Dynamic Range (72 dB) 

• Low Input Leakage Current . 1 pA Typical 

10 pA Maximum 

• Direct LCD Drive - No Externai Components. 

• Precision Null Detection With True Polarity at Zero 

• High Impedance Differential Input 

• Convenient 9 V Battery Operation With Low 

Power Dissipation . 500 )uW Typical 

900 juW Maximum 

• Internal Clock Circuit 

• Improved Drop-In Replacement For ICL7126 that offers 
Low Analog Common Voltage Drift 

• Available in Compact Flat Package 

• Industrial Temperature Range Device Available 



Ordering Information 


Part No. 

Package 

Pin 

Layout 

Temp. 

Range 

Reference 

Temp. 

Coefficient 

TSC7126ACPL 

40-Pin 
Plastic Dip 

Normal 

O 

o O 

Oo 

75 ppm/°C 
Max 

TSC7126ARCPL 

40-PI n 
Plastic Dip 

Reversed 

o 

Oo 

75 ppm/°C 
Max 

TSC7126AIJL 

40-Pin 

CerDIP 

Normal 

-25°Cto 
+85° C 

100 ppm/°C 
Max 

TSC7126ACBQ 

60-Pin 
Plastic Flat 

Formed 

Leads 

0°Cto 

70° C 

75 ppm/°C 
Max 

TSC7126ACSQ 

60-Pin 
Plastic Flat 

Unformed 

Leads 

0°Cto 

70° C 

75 ppm/°C 
Max 

Devices with 160 Hour, +125° C Burn-In 

TSC7126ACPL/B 

1 40-Pin 
Plastic Dip 

Normal 

o 

o O 

Oo 

75 ppm/°C 
Max 

TSC7126AIJL/BI 

40-Pin 

CerDIP 

Normal 

-25°Cto 
+85° C 

100 ppm/°C 
Max 




idh 


Cref ^REF 

ViN 

2-19 

22-25 


POL 


ANALOG 

COMMON 

BP 

V+ 

TSC7126A 

Caz w+ 

Vref 

Vint 

0SC2 0SC3 

VgEF 

V“ 

OSCi 


LCD DISPLAY 


39S 


21 MINUS SIGN 


1 



39 |38 CqsC 

1 II 1 

40 



■50 pF -♦-I 


1 CONVERSION/SEC 


Figure 1: Typical Operating Circuit 
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Absolute Maximum Ratings 


Supply Voltage (V* to V”).. 15 V 

Analog Input Voltage (either input)”' . V’^'to V” 

Reference Input Voltage (either input) . to V" 

Clock Input .. Test to 

Power Dissipation 

CerDiP Package (J) . 1000 mW 


Plastic Package (P) ........ — . — ......... 800 mW 

Epoxy Flat Package (B, S) ... — 500 mW 

Operating Temperature 

(“C” Devices) ...0®Cto4-70®C 

(“I” Devices) ...-25° C to+86® C 

Storage Temperature . to+160®C 

Lead Temperature (Soldering, 60 sec) .. —. 300 ®C 


Electric al Characteristics: Vs = 9 v, fciock = 16 kHz and Ta = 25® C unless otherwise noted. 


TYPE 

NO. 

SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

MIN 

TSC7126A 

TYP 

MAX 

UNIT 


1 

~ 

Zero Input Reading 

ViN - 0.0 V, 

Full-Scale = 200.0 mV 

-000.0 

±000.0 

+000.0 

Digital 

Reading 


2 

- 

Zero Reading Drift 

ViN = 0.0 V, 
0 ®C<Ta<70®C 

- 

0.2 

1 

/xV/®C 

1 

N 

P 

U 

T 

3 

- 

Ratiometric Reading 

ViN = Vref. 

Vref= 100 mV 

999 

999 

iMo 

1000 

Digital 

Reading 

4 

NL 

Linearity Error 

Full-Scale = 200 mV or 
2.000 V. Max. Deviation 
from Best Straight Line. 

-1 

±0.2 

+1 

Counts 


6 

-• 

Rollover Error 

-VlN = +VlN 

200.0 mV 

-1 

±0.2 

+1 

Counts 


6 

En 

Noise 

ViN = 0 V, 

Full-Scale - 200.0 mV 

- 

15 

- 

^Vp-p 


7 

II 

Input Leakage Current 

ViN = 0 V 


1 

10 

pA 


8 

CMRR 

Common-Mode 
Rejection Ratio 

VcM = ±1 V, ViN = 0 V 
Full-Scale = 200.0 mV 

- 

50 

- 

mV/V 


9 

- 

Scale Factor 
Temperature 

Coefficient 

ViN = 199.0 mV, 
0 ®C<Ta<70®C 

Ext. Ref. Temp. 

Coeff. = 0 ppm/® C 

~ 

1 

5 

ppm/®C 

A C 

10 

VCTC 

Analog Common 
Temperature 

Coefficient 

250 kn Between^ 

Commom and V 
0 ®C<Ta< 70®C 
“C" Commercial 

Temp. Range Devices 


35 

75 

ppm/®C 

N 0 

A M 

L M 

0 0 

G N 

11 

VCTC 

Analog Common 
Temperature 

Coefficient 

250 kn Between^ 

Common and V 
-25®C<Ta< 85®C 
“1” Industrial Temp. 

Range Devices 

- 

35 

100 

ppm/®C 


12 

Ve 

Analog Common 
Voltage 

250 kn Between 

Common and V 

2.7 

3.05 

3.35 

V 

D 

L R 

1 

13 

VsD 

LCD Segment 

Drive Voltage 

V*to V=9V 

4 

5 

6 

Vp-p 

W 1 

0 V 

E 

14 

Vbd 

LCD Backplane 

Drive Voltage 

V* to V = 9 V 

4 

5 

6 

Vp-p 

SUPPLY 

15 

Is 

Power Supply Current 

ViN = 0 V, V'' to V = 9 V, 
Note 7 

- 

55 

100 

/uA 

Notes: 4, Refer to "Differential Input” discussion. 

1. Input voltages may exceed the supply voltages when the input current is 5. Backplane drive is in phase with segment drive for ‘off’ segment and 180° 

limited toTOOMA. out of phase for ‘on’ segment. Frequency is 20 times conversion rate. 

2. Dissipation rating assumes device is mounted with ail leads soldered to Average DC component is less than 50 mV. 

printed circuit board. 6. See Figure 1. 

3. Static sensitive device. Unused devices should be stored in conductive 7. During auto-zero phase, current is 10-20 (xA higher. A 48 kHz oscillator, 

material to protect devices from static discharge and static fields. increases current by 8 nA (typ.). Common current not included. 
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Pin Configuration 


NORMAL 

PIN CONFIGURATION 


I '^3 QE 

I_ ^3 I 18 

1000's—AB4 fTi" 

POL 

(MINUS SIGN) 


I Re" 

,oU 

I ^3 I 18 

G3I 19 


39 I OSC 2 
jTJosca 
37 I TEST 
"iriVREF 
VreF 
HD^REF 
HE ^REF 

-rr-i ANALOG 
-MJ COMMON 

HEvIn 

HDCaz 
HD ''buff 
HD Vint 

" 26 ~|v- 

25 | G 2 I 
^<=3 ,Jo, 
23 I A3 I 

B G 3 _1 

BP 

:K PLANE) 


REVERSE 

PIN CONFIGURATION 


Ai 1's 

Fl 

Gi 

El _ 

D2 
C2 

B2 

^ 10's 

A2 

^2 

E2 _ 

D 3 

100's 

J 

AB4- 1000's 
POL 
(MINUS SIGN) 


NO Q2 C 

R 


NC 
IN HI 
NC 

COMMON 
C'REF 
C*REF [59 
REFLO [eO 


C3 As C B G3 


1?^ 

TSC7126ACBQ 


N T O 

C E S 

S C 


NOTES; 

1. NC = NO INTERNAL CONNECTION 

2, PINS 8, 23, 38 AND 53 ARE CONNECTED TO THE DIE 
SUBSTRATE. THE POTENTIAL AT THESE PINS IS 
APPROXIMATELY V+, NO EXTERNAL CONNECTIONS 
SHOULD BE MADE. 
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Pin Description (Cont.) 

40-Pin DIP 
Pin Number 
Normai 

(Reverse) 

60-Pin 

Fiat Package 
Pin Number 

Name 

Description 

10 

(31) 

25 

C2 

Activates the C section of the tens display. 

11 

(30) 

26 

B2 

Activates the B section of the tens display. 

12 

(29) 

27 

A2 

Activates the A section of the tens display. 

13 

(28) 

28 

F2 

Activates the F section of the tens display. 

14 

(27) 

29 

E2 

Activates the E section of the tens display. 

15 

(26) 

30 

D3 

Activates the D section of the hundreds display. 

16 

(25) 

31 

B3 

Activates the B section of the hundreds display. 

17 

(24) 

32 

F3 

Activates the F section of the hundreds display. 

18 

(23) 

33 

E3 

Activates the E section of the hundreds display. 

19 

(22) 

34 

AB4 

Activates both halves of the 1 in the thousands display. 

20 

(21) 

35 

POL 

Activates the negative polarity display. 

21 

(20) 

36 

BP 

Backplane drive output. 

22 

(19) 

37 

G3 

Activates the G section of the hundreds display. 

23 


40 

A3 

Activates the A section of the hundreds display. 

24 

(17) 

41 

C3 

Activates the C section of the hundreds display. 

26 

(16) 

43 

G2 

Activates the G section of the tens display. 

26 

(16) 

45 

V" 

Negative power supply voltage. 


The integrating capacitor shouid be seiected to give the maximum voitage swing 
that ensures component toierance buiid up wiil not aliow the integrator 
ViwT output to saturate. When anaiog common is used as a reference and 

the conversion rate is 3 readings per second, a 0.047 capacitor may be used. 
The capacitor must have a low dielectric constant to prevent roll-over errors. 

See INTEGRATING CAPACITOR section for additional details. 


28 

(13) 

47 

Vbuff 

Integration resistor connection. Use a 180 kn for a 200 mV full-scale range and a 

180 Ma for 2 V full scale range. 

29 

(12) 

49 

Caz 

The size of the auto-zero capacitor influences the system noise. Use a 0.33 /xF 
capacitor for a 200 mV full-scale, and a 0.033 /wF capacitor for a 2 volt full-scale. 

See paragraph on AUTO-ZERO CAPACITOR for more details. 

30 

(11) 

51 

VlN 

The low input is connected to this pin. 

31 

(10) 

55 

ViN 

The high input signal is connected to this pin. 

32 

(9) 

57 

This pin is primarily used to set the analog common-mode voltage for battery 

Analog operation or in systems where the input signal is referenced to the power supply. 
Common See paragraph on ANALOG COMMON for more details. It also acts as a 
reference voltage source. 

33 

(8) 

58 

Cref 

See pin 34. 

34 

(7) 

59 

Cref 

A 0.1 ixf capacitor is used in most applications. If a large common mode voltage 
exists (for example the Vin pin is not at analog common), and a 200 mV scale is 
used, a 1.0 iuF Is recommended and will hold the rollover error to 0.5 count. 

35 

(6) 

60 

Vref 

See pin 36. 

36 

(5) 

1 

Vref 

The analog input required to generate a full-scale output (1,999 counts). Place 

100 mV between pins 35 and 36 for 199.9 mV full-scale. Place 1.00 volts between 
pins 35 and 36 for 2 volts full-scale. See paragraph on REFERENCE VOLTAGE. 

37 

(4) 

3 

Test 

Lamp test. When pulled high (to V"^) all segments will be turned on and the display 
should read -1888. It may also be used as a negative supply for externally 
generated decimal points. See paragraph under TEST for additional information. 

38 

(3) 

4 

OSC3 

See pin 40. 

39 

(2) 

6 

OSC2 

See pin 40. 

40 

(1) 

10 

OSCi 

Pins 40, 39, 38 make up the oscillator section. For a 48 kHz clock (3 readings per 
section) connect pin 40 to the junction of a 180 kn resistor and a 50 pF capacitor. 
The 180 kO resistor is tied to pin 39 and the 50 pF capacitor is tied to pin 38. 
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General Theory of Operation 
Dual Slope Conversion Principles 

The TSC7126A is a dual slope, integrating analog-to-digital 
converter. An understanding of the dual slope conversion 
technique will aid in following the detailed TSC7126A opera¬ 
tion theory. 


A simple mathematical equation relates the input signal, 
reference voltage and integration time: 

J r Tsi 

ViN(t)dt 

0 RC 

where: 


The conventional dual slope converter measurement cycle 
has two distinct phases: 

• Input Signal Integration 

• Reference Voltage Integration (Deintegration) 

The input signal being converted is integrated fora fixed time 
period (Tsi). Time is measured by counting clock pulses. An 
opposite polarity constant reference voltage is then integrated 
until the integrator output voltage returns to zero. The 
reference integration time is directly proportional to the input 
signal (Tri). 

In a simple dual slope converter a complete conversion 
requires the integrator output to “ramp-up" and “ramp-down.” 



Figure 2: Basic Duai Siope Converter 



0.1/T 1/T 10/T 

INPUT FREQUENCY 


Vr = Reference Voltage 

Tsi = Signal Integration Time (Fixed) 

Tri = Reference Voltage Integration Time (Variable) 

For a constant Vin: 

ViN = Vr Tf 
Tsi 

The dual slope converter accuracy is unrelated to the inte¬ 
grating resistor and capacitor values as long as they are stable 
during a measurement cycle. An inherent benefit is noise 
Immunity. Noise spikes are integrated or averaged to zero 
during the integration periods. Integrating ADCs are immune 
to the large conversion errors that plague successive approxi¬ 
mation converters in high noise environments. Interfering 
signals with frequency components at multiples of the averag¬ 
ing period will be attenuated. Integrating ADCs commonly 
operate with the signal integration period set to a multiple of 
the 50/60 Hz power line period. 

Analog Section 

In addition to the basic signal integrate and deintegrate 
cycles discussed above the TSC7126A design incorporates 
an auto-zero cycle. This cycle removes buffer amplifier, inte¬ 
grator, and comparator offset voltage error terms from the 
conversion. A true digital zero reading results without 
external adjusting potentiometers. A complete conversion 
consists of three cycles: an auto-zero, signal Integrate and 
reference integrate cycle. 

Auto-Zero Cycle 

During the auto-zero cycle the differential input signal is 
disconnected from the circuit by opening internal analog 
gates. The Internal nodes are shorted to analog common 
(ground) to establish a zero input condition. Additional ana¬ 
log gates close a feedback loop around the integrator and 
comparator. This loop permits comparator offset voltage 
error compensation. The voltage level established on Caz 
compensates for device offset voltages. The auto-zero cycle 
residual is typically 10 -15 /uV. 

The auto-zero cycle length is 1000 to 3000 clock periods. 


Signal Integration Cycle 

The auto-zero loop is opened and the internal differential 
inputs connect to VIn and VTn. The differential input signal is 
integrated for a fixed time period. The TSC7126A signal inte¬ 
gration period is 1000 clock periods orcounts. The externally 
set clock frequency is divided by four before clocking the 
internal counters. The intergration time period is: 


fosc 


X 1000 


Figure 3: Normal-Mode Rejection of Dual 
_Slope Converter_ 
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where: 

fosc = External Clock Frequency 

The differential input voltage must be within the device 
common-mode range when the converter and measured sys¬ 
tem share the same power supply common (ground). If the 
converter and measured system do not share the same power 
supply common, VFn should be tied to analog common. 

Polarity is determined at the end of signal integrate signal 
phase, The sign bit is a true polarity indication in that signals 
less than 1 LSB are correctly determined. This allows preci¬ 
sion null detection limited only by device noise and auto-zero 
residual offsets. 

Reference Integrate Cycle: 

The final phase is reference integrate or deintegrate. Vin is 
internally connected to analog common and Vin is connected 
across the previously charged reference capacitor. Circuitry 
within the chip ensures that the capacitor will be connected 
with the correct polarity to cause the integrator output to 
return to zero. The time required for the output to return to 
zero is proportional to the input signal and is between 0 and 
2000 internal clock periods. The digital reading displayed is 

1000 

Vref 


Digital Section 

The TSC7126A contains all the segment drivers necessaryto 
directly drive a 3-1/2 digit liquid crystal display (LCD). An 
LCD backplane driver is included. The backplane frequency 
is the external clock frequency divided by 800. For three con¬ 
versions/second the backplane frequency is 60 Hz with a 5 V 
nominal amplitude. When a segment driver is in phase with 
the backplane signal the segment is “OFF.” An out of phase 
segment drive signal causes the segment to be “ON” or visible. 
This AC drive configuration results in negligible DC voltage 
across each LCD segment. This insures long LCD display life. 
The polarity segment driver is “ON” for negative analog inputs. 
If Vin and Vin are reversed this indicator would reverse. 

On the TSC7126A when the test pin is pulled to V^all segments 
are turned “ON.” The display reads -1888. During this mode 
the LCD segments have a constant DC voltage impressed. Do 
not leave the display in this mode for more than several min¬ 
utes. LCD displays may be destroyed if operated with DC 
levels for extended periods. 

The display FONT and segment drive assignment are shown in 
Figure 5. 


DISPL.AY FONT 

0IE3HSB183 


8 8 8 


Figure 5: Dispiay FONT and Segment Assignment. 


System Timing 

The oscillator frequency is divided by 4 prior to clocking the 
internal decade counters. The three phase measurement 
cycle takes a total of 4000 counts or 16000 clock pulses. The 
4000 count cycle is independent of input signal magnitude. 

Each phase of the measurement cycle has the following length: 


• Auto-Zero Phase: 1000 to 3000 Counts 

(4000 to 12000 Clock Pulses) 

For signals less than full-scale the auto-zero phase is 
assigned the unused reference integrate time period. 


• Signal Integrate: 1000 Counts 

(4000 Clock Pulses) 

This time period is fixed. The integration period is: 
Tsi = 4000 ‘ ’ 


fosc 

Where fosc is the externally set clock frequency. 

Reference Integrate: 0 to 2000 Counts 

(Oto 8000 Clock Pulses) 



TheTSC7126A is a drop in replacement for the TSC7126 and 
ICL7126 that offers a greatly improved internal reference 
temperature coefficient. No external component value 
changes are required to upgrade existing designs. 


Component Value Selection 
Auto-Zero Capacitor - Caz 

The Caz capacitor size has some influence on system noise. 
A 0.33 /uF capacitor is recommended for 200 mV full-scale 
applications where 1 LSB is 100 /zV. A 0.033 mF capacitor is 
adequate for 2.0 V full-scale applications. A mylar type dielec¬ 
tric capacitor is adequate. 

Reference Voltage Capacitor - Cref 

The reference voltage used to ramp the integrator output vol¬ 
tage back to zero during the reference integrate cycle is 
stored on Cref. A 0.1 /uF capacitor is acceptable when VFn is 
tied to analog common. If a large common-mode voltage 
exists (Vref ^ analog common) and the application requires 
a 200 mV full-scale increase Cref to 1 .O^F. Rollovererror will 
be held to less than 0.5 count. A mylar type dielectric capaci¬ 
tor is adequate. 

Integrating Capacitor - Cint 

CiNT should be selected to maximize integrator output vol¬ 
tage swing without causing output saturation. Due to the 
TSC7126A superior analog common temperature coefficient 
specification, analog common will normally supply the dif¬ 
ferential voltage reference. For this case a ±2 V full-scale 
Integrator output swing is satisfactory. For 3 readings/sec¬ 
ond (fosc = 48 kHz) a 0.047 value is suggested. For one read¬ 
ing per second 0.15 juF is recommended.If a different oscil¬ 
lator frequency is used Cint must be changed in inverse 
proportion to maintain the nominal ±2 V integrator swing. 

An exact expression for Cint is: 
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(4000) ( ]—) (^) 

^ fosc Rint 

CiNT = - 

Vint 

Where: 

fosc = Clock frequency at Pin 38 

Vfs = Full-scale input voltage 

Rint = Integrating resistor 

Vint = Desired full-scale integrator output swing 

At three readings per seccond, a 750 H resistor should be 
placed in series with Cint. This increases accuracy by com¬ 
pensating for comparator delay. Cint must have low dielec¬ 
tric absorption to minimize roll-over error. An inexpensive 
polypropylene capacitor is recommended. 

Integrating Resistor - Rint 

The input buffer amplifier and integrator are designed with 
class A output stages. The output stage idling current is 
6 juA. The integrator and buffer can supply 1 fiA drive 
currents with negligible linearity errors. Rint is chosen to 
remain in the output stage linear drive region but not so large 
that printed circuit board leakage currents induce errors. For 
a 200 mV full-scale Rint is 180 kH. A 2.0 V full-scale requires 
1.8 mn. 


Component 

Nominal Full-Scale Voltage 

Value 

200.0 mV 

2.000 V 

Caz 

0.33 nF 

0.033 mF 

Rint 

180 kn 

1.8 Mn 

Cint 

0.047 (mF 

0.047 mF 


Note: 

1. fosc =48 kHz (3 readings/sec) 

Oscillator Components 

Cose should be 50 pF. Rose is selected from the equation: 


RC 

For a 48 kHz clock (3 conversions/sec) R = 180 kO. 


Note that fose is divided by four to generate the TSC7126A 
internal control clock. The backplane drive signal is derived 
by dividing fose by 800. 

To achieve maximum rejection of 60 Hz noise pickup, the 
signal integrate period should be a multiple of 60 Hz. Oscilla¬ 
tor frequencies of 240 kHz, 120 kHz, 80 kHz, 60 kHz, 40 kHz, 
33 1/3 kHz, etc. should be selected. For 50 Hz rejection, 
oscillator frequencies of 200 kHz, 100 kHz, 66 2/3 kHz, 
50 kHz, 40 kHz, etc. would be suitable. Note that 40 kHz (2.5 
readings/second) will reject both 50 and 60 Hz (also 400 and 
440 Hz). 


Reference Voltage Selection 

A full-scale reading (2000 counts) requires the input signal 
be twice the reference voltage. 


Required Full-Scale Voltage * 

Vref 

200.0 mV 

100.0 mV 

2.000 V 

1.000 V 


* Vfs = 2 Vref 


In some applications a scale factor other than unity may exist 
between a transducer output voltage and the required digital 
reading. Assume, for example, a pressure transducer output 
is 400 mV for 2000 Ib/in^. Rather than dividing the input vol¬ 
tage by two the reference voltage should be set to 200 mV. 
This permits the transducer input to be used directly. 

The differential reference can also be used when a digital 
zero reading is required when Vin is not equal to zero. This is 
common in temperature measuring instrumentation. A 
compensating offset voltage can be applied between analog 
common and VFn. The transducer output is connected 
between vFn and analog common. 

Device Pin Functional Description 
Differential Signal inputs 

(V^N (Pin 31), VFn (Pin 30)) 

The TSC7126A is designed with true differential inputs and 
accepts input signals within the input stage common-mode 



Figure 6: Common-Mode Voltage Removed In Battery Operation with Vin = Analog Common 


TELEDYNE SEMICONDUCTOR 


7 - 116 








31/2 Digit A/D Converter 

• Low Power Dissipation - 900 mW Max. 

• 35 ppm/°C internai Reference_ 


TSC7126A 


voltage range (Vcm). The typical range is -1 .0 to V~ + 1 V. 
Common-mode voltages are removed from the system when 
the TSC7126A operates from a battery or floating power 
source (Isolated from measured system) and VFn is con¬ 
nected to anaiog common (Vcom): See Figure 6. 

In systems where common-mode voltages exist the 
TSC7126A 86 dB common-mode rejection ratio minimizes 
error. Common-mode voltages do, however, affect the inte¬ 
grator output level. Integrator output saturation must be 
prevented. A worse case condition exists if a large positive 
Vcm exists in conjunction with a full-scale negative differen¬ 
tial signal. The negative signal drives the integrator output 
positive aiong with Vcm (Figure 7). For such applications the 
integrator output swing can be reduced below the recom¬ 
mended 2.0 V full-scale swing. The integrator output will 
swing within 0.3 V of or V without increased linearity 
error. 



Figure 7: Common-Mode Voltage Reduces Available 
Integrator Swing. (Vcom ^ Vin) 


Differential Reference 

(V5ef (Pin 36), VSEF(Pin 39)) 

The reference voltage can be generated anywhere within the 
to V" power supply range. 

To prevent rollover type errors being induced by large 
common-mode voltages Cref should be large compared to 
stray node capacitance. 

The TSC7126A offers a significantiy improved analog 
common temperature coefficient. This potential provides a 
very stabie voltage suitable for use as a voltage reference. 
The temperature coefficient of analog common is 20 ppm/° C 
typicaily. 

Analog Common (Pin 32) 

The analog common pin is set at a voitage potential approxi¬ 
mately 3.0 V below V . The potential is guaranteed to be 
between 2.7 V and 3.35 V below V . Analog common is tied 
internaliy to an Nchannel FET capableofsinking 30 mA. This 
FET will hold the common line at 3.0 V should an external 
load attempt to pull the common line toward V . Analog 
common source current is limited to 10 /iA. Analog common 
is therefore easiiy pulled to a more negative voltage (i.e., 
below V'^-O.O V). 


The TSC7126A connects the internal vIn and VIn inputs to 
analog common during the auto-zero cycle. During the 
reference integrate phase VFn is connected to analog com¬ 
mon. If VFn is not externally connected to analog common, a 
common-mode voltage exists. This is rejected by the con¬ 
verters 86 dB common-mode rejection ratio. In battery 
operation analog common and vFn are usually connected 
removing common-mode voltage concerns. In systems 
where vFn is connected to the power supply ground or to a 
given voltage, analog common should be connected to VFn. 


The analog common pin serves to set the analog section 
reference or common point. The TSC7126A is specifically 
designed to operate from a battery or in any measurement 
system where input signals are not referenced (float) with 
respect to the TSC7126A power source. The analog common 
potential of V’*' -3.0 V gives a 7 V end of battery life voltage. 
The common potential has a 0.001%/% voltage coefficient and 
a 15 n output impedance. 

With sufficiently high total supply voltage (V^-V >7.0 V) 
analog common is a very stable potential with excellent 
temperature stability - typically 35 ppm/®C. This potential 
can be used to generate the TSC7126A reference voltage. An 
external voltage reference will be unnecessary in most cases 
because of the 35 ppm/®C temperature coefficient. See 
TSC7126A Internal Voltage Reference discussion. 



Test (Pin 37) 

The test pin potential is 5 V less than V^. Test may be used as 
the negative power supply connection for external CMOS 
logic. The test pin is tied to the internally generated negative 
logic supply through a 500 fl resistor. The test pin load 
should be no more than 1 mA. See the applications section 
for additional information on using test as a negative digital 
logic supply. 

If test is pulled high to all segments plus the minus sign will 
be activated. Do not operate in this mode for more than 
several minutes. With Test = V^ the LCD Segments are 
impressed with a DC voltage which will destroy the LCD. 



Figure 8: Analog Common Temperature Coefficient 
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TSC7126A Internai Voltage Reference 

The TSC7126A analog common voltage temperature sta¬ 
bility has been significantly improved (Figure 8). The “A” 
version of the industry standard 7126 device will allow users 
to upgrade old systems and design new systems without 
external voltage references. External R and C values do not 
need to be changed. Figure 9 shows analog common supply¬ 
ing the necessary voltage reference for the TSC7126A. 

Applications Information 
Liquid Crystal Display Sources 

Several LCD manufacturers supply standard LCD displays to 
interface with the TSC7126A 3 1/2 digit analog-to-digital 
converter. 


Manufacturer 

Address/Phone 

Representative 

Part Numbers^ 

Crystaloid 

Electronics 

5282 Hudson Dr., 
Hudson, OH 44236 
216/655-2429 

C5335, H5535, 
T5135, SX440 

AND 

770 Airport Blvd., 
Burlingame, CA 94010 
415/347-9916 

FE 0801 

FE 0203 

EPSON 

3415 Kashikawa St., 
Torrance, CA 90505 
213/534-0360 

LD-B709B2 

LD-H7992AZ 

Hamlin, Inc. 

612 E. Lake St., 

Lake Mills, Wl 53551 
414/648-2361 

3902, 3933, 3903 


Note: 

1. Contact LCD manufacturer for full product listing/specifications. 


Decimal Point and Annunciator Drive 

The test pin is connected to the internally-generated digital 
logic supply ground through a 500 Cl resistor. The test pin 
may be used as the negative supply for external CMOS gate 
segment drivers. LCD display annunciators for decimal 
points, low battery indication, or function indication may be 
added without adding an additional supply. No more than 1 
mA should be supplied by the test pin. The test pin potential is 
approximately 5 V below y*. 

Flat Package 

The TSC7126A is available in an epoxy 60-pin flat package. 
The “BQ” device leads are bent while the “SQ” device leads 
are unformed (straight). A test socket for the TSC7126ACSQ 
device is available; 


9V 



SET Vref“ 1/2 VpULL SCALE 


Figure 9: TSC7126A Internal Voltage Reference 
Connection 



TO LCD 

DECIMAL 

POINT 


TO LCD 
BACK PLANE 


Simple Inverter for Fixed Decimal Point 
or Display Annunciator 



Multiple Decimal Point or 
Annunciator Driver 


Part No.: IC 51-42 

Manufacturer: Yamaichi 

Distribution: Nepenthe Distribution 

2471 East Bayshore 

Suite 520 

Palo Alto, CA 94043 

(415) 856-9332 
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Ratiometric Resistance Measurements 

The TSC7126A true differential input and differential refer¬ 
ence make ratiometric readings possible. In ratiometric 
operation, an unknown resistance is measured with respect 
to a known standard resistance. No accurately defined refer¬ 
ence voltage is needed. 

The unknown resistance is put in series with a known stan¬ 
dard and a current passed through the pair. The voltage 
developed across the unknown is applied to the inputand the 
voiiage across the known resisvor applied to the reference 
input. If the unknown equals the standard, the display will 
read 1000. The displayed reading can be determined from the 
foiiowing expression: 

Displayed Reading = IUnknown ^ 

R Standard 


The display will overrange for R Unknown >2 x R Standard. 



Figure 10: Low Parts Count Ratiometric Resistance 
Measurement 



Figure 11: Temperature Sensor Figure 12: Positive Temperature Coefficient Resistor 

Temperature Sensor 
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Figure 13: Integrated Circuit Temperature Sensor 


Package Information 
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TSC7126 
3 1/2 Digit A/D Converter 
• Low Power Dissipation - 900 n\N Max. 


General Description 

The single chip CMOS TSC7126 incorporates all the active 
devices for a 31/2digitanalog-to-digital converter to directly 
drive an LCD display. The Internal oscillator, voltage refer¬ 
ence and display segment/backplane drivers simplify system 
integration, reduce board space requirements and lower 
total cost. A low cost, high resolution -0.05% - indicating 
meter requires only a display, four resistors, four capacitors 
and a 9 V battery. The flat package option eases the mechani¬ 
cal design of low cost, hand held multimeters and systems. 

The TSC7126 dual slope conversion technique rejects inter¬ 
ference signals when the integration time is set to a multiple 
of the interference signal period. This is especially useful in 
industrial measurement environments where 50, 60 and 400 
Hz line frequency signals are present. 

With an auto-zero error less than 10 /xV, zero drift less than 
1 )uV/°C, input bias current of 10 pA maxand rollover error of 
less than one count, the TSC7126 brings exceptional value to 
the portable battery powered field. 

In addition, the differential input and reference allows the 
measurement on load cells, strain gauges and other bridge 
type transducers. The low power TSC7126 can be used as a 
plug-in replacement for the TSC7106 by changing only the 
values of seven passive components. 

For applications needing a low drift internal voltage refer¬ 
ence refer to the TSC7126A data sheet. 


Features 








Long Battery Life . 8000 Hours Typical 

Auto-Zero Cycle 

Guaranteed Zero Reading With Zero Input 

Low Noise. 15 )uVp-p 

High Resolution (0.05%) and Wide Dynamic Range (72 dB) 

Low Input Leakage Current . 1 pA Typical 

10 pA Maximum 

Direct LCD Display Drive - No External Components. 
Precision Null Detection With True Polarity at Zero 
High Impedance Differential Input 
Convenient 9 V Battery Operation With Low 

Power Dissipation . 500 )uW Typical 

900 )uW Maximum 

Internal Clock Circuit 
Drop-In Replacement for ICL7126 
Available in Compact Flat Package 
Industrial Temperature Range Device 



Typical Applications 

• Thermometry 

• Bridge Readouts (Strain Gauges, Load Cells, 
Null Detectors) 

• Digital Meters 

— Voltage/Current/Ohms/Power 
-pH 

— Capacitance/Inductance 
— Fluid Flow Rate/Viscosity/Level 

• Digital Scales 

• LVDT Indicators 

• Portable Instrumentation 

• Power Supply Readouts 

• Process Monitors 

• Photometers 


SET REF = 100.0 mV 


560Kf2^ 


>—|50pF 


^Rl R5 
y240KJ2 1MS2 


► R4 

^ lOKn 


0.1/iF 

Jl 



I I I I I 


J I M I I I I I I I"! I T I I I M. 


LIQUID CRYSTAL DISPLAY 

♦ 


Figure 1: TSC7126 Clock Frequency 16 kHz 
(1 reading/sec.) 


R. 

SET REF = 100.0 mV > 240KJ2 

1r4 


J. 




O.VF 

f^cll 




[li 


30 

TSC7126 

10 


i_L 


J I I I I I I M I M M I I I I I 


LIQUID CRYSTAL DISPLAY 

t 


Figure 2: TSC7126 Clock Frequency 48 kHz 
(3 readings/sec.) 
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Absolute Maximum Ratings* 


Supply voltage (V* to V) . 15 V 

Analog Input Voltage (either input) .. V to 

Reference Input Voltage (either input) . V"^to V" 

Clock Input . Test to V"^ 

Power Dissipation 

Ceramic Package . 1000 mW 


Plastic Package ........ 800 mW 

Operating Temperature 

(C Device) ...0°Cto+70°C 

(I Device) .-25°C to +85° C 

Storage Temperature ... ~65°C to+160°C 

Lead Temperature (Soldering, 60 sec) ... 300°C 


Electrical Characteristics ^ 


CHARACTERISTICS 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Zero Input Reading 

V|N = 0.0V 

Full Scale = 200.0 mV 

-000.0 

±000.0 

+000.0 

Digital Reading 

Ratiometric Reading 

V|N = VreF 

Vref" 100mv 

999 

999/1000 

1000 

Digital Reading 

Rollover Error (Difference in 
reading for equal positive and 
negative reading near Full Scale) 

-V|N = +V|N ^ 200.0 mV 

-1 

±0.2 

+1 

Counts 

Linearity (Max. deviation from 
best straight line fit) 

Full Scale = 200 mV 
or Full Scale = 2.000 V 

-1 

±0.2 

+1 

Counts 

Common Mode Rejection Ratio!'^) 

Vcm---±1V,V|n = 0V. 

Full Scale = 200.0 mV 

- 

50 

- 

fiV/y 

Noise (Pk - Pk value not exceeded 95% 
of time) 

V,N = ov 

Full Scale = 200.0 mV 

- 

15 

- 

luy 

Leakage Current (S Input 

> 

o 

II 

z 

> 

_ 

1 

10 

pA 

Zero Reading Drift 

A 

O 

O 


0.2 

1 

mV/°C 

Scale Factor Temperature Coefficient 

V|N = 199.0 mV 

0 < Ta < 70° C 
(Ext. Ref. 0 ppm/°C) 

- 

1 

5 

ppm/° C 

Supply Current (Does not 
include Common current) 

V,N = 0 
i Note 61 


50 

100 

/u A 

Analog Common Voltage (with respect 
to positive supply) 

250Kfi between Common and 
positive supply 

2.4 

2,8 

3.2 

V 

Temp. Coeff. of Analog Common 
(with respect to positive supply) 

250Kfi between Common and 
positive supply 

- 

80 


ppm/° C 

Pk-Pk Segment Drive Voltage 
(Notes) 

VMoV-=9V 

4 

5 

6 

V 

Pk-Pk Backplane Drive Voltage 
(Notes) j 

VMoV-=9V 

4 

5 

6 

V 

Power Dissipation Capacitance 

vs. Clock Frequency 

— 

40 


pF 


Notes; 

1. Input voltages may exceed the supply voltages provided the input current is 
limited to ±100 fiA. 

2. Dissipation rating assumes device is mounted with all leads soldered to 
printed circuit board. 

3. Unless otherwise noted, specifications apply at Ta = 25° C. fcLOCK = 16 kHz 
and are tested in the circuit of Figure 1. 


4. Refer to “Differential Input” discussion on page 4. 

5. Backplane drive is in phase with segment drive for‘off segment, 180° out of 
phase for ‘on’ segment. Frequency is 20 times conversion rate. Average DC 
component is less than 50 mV. 

6. During auto-zero phase, current is 10-20 mA higher. 48 kHz oscillator, 

Figure 2, increases current by 8 (typ.). 


* Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional operation 
of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute maximum 
rating conditions for extended periods may effect device reliability. 


Ordering Information 


Part No. 

Package 

Pin 

Layout 

Temp. 

Range 

TSC7126CPL 

40-Pin 

Plastic Dip 

Normal 

0°C to 
70° C 

TSC7126RCPL 

40-Pin 

Plastic Dip 

Reversed 

GO 

b b 

TSC7126IJL 

40-Pin 

CerDIP 

Normal 

-25° C to 
+85° C 

TSC7126CBQ 

60-Pin 

Plastic Flat 

Formed 

Leads 

0°Cto 
70° C 


Part No. 

Package 

Pin 

Layout 

Temp. 

Range 

TSC7126CSQ 

60-Pin 

Plastic Flat 

Unformed 

Leads 

o O 

o 

Devices with 160 Hour, +125° 

C Burn-in 


TSC7126CPL/BI 

40-Pin 

Plastic Dip 

Normal 

o 

o O 

O o 

TSC7126IJL/BI 

40-Pin 

CerDIP 

Normal 

-25°C to 
+85° C 
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Pin Configuration 




Di 

Cl 

Bl [~4"1 
Al P5~i 
h 

GlQl] 

m 

d 2 [t; 

C2 Ql 
B2 [jT 
a 2 njj 
^2 nT~j 

E2 i 14 

D 3 1 15 

B 3 

'=3 QEl 

E 3 

loob's-AB4 [Tin 

POL [" 20 "! 
(MINUS SIGN) I 


NORMAL 

PIN CONFIGURATION 


^0^ 

TSC7126 




["40 " 1 OSC1 
39 TOSC 2 
nOOSCs 
~37~1 TEST 

ITl v^ef 
Ivref 
r^^~l Gref 

\ 33 \ C~ref 

ANALOG 
MU COMMON 

IDvin 

3^ ^IN 

B Caz 
Vbuff 
IZjVint 



(BACK PLANE) 



^ref FT^ 
Vref 

Cref TTI 

Cree FFI 

ANALOG 



BP [20 
(BACK PLANE) 


S PA 

N N U BOB 

V NC G? C C 3 A 3 C B Ga P L 4 E 3 F 3 B 3 



NOTES: 

1. NC = NO INTERNAL CONNECTION 

2. PINS 8, 23, 38 AND 53 ARE CONNECTED TO THE DIE 
SUBSTRATE. THE POTENTIAL AT THESE PINS IS 
APPROXIMATELY V+. NO EXTERNAL CONNECTIONS 
SHOULD BE MADE. 


Pin Description 

40-Pin DIP 
Pin Number 
Normal 

(Reverse) 

60-Pin 

Flat Package 
Pin Number 

Name 

Description 

1 

(40) 

13 

v" 

Positive supply voltage. 

2 

(39) 

14 

Di 

Activates the D section of the units dispiay. 

3 

(38) 

15 

Ci 

Activates the C section of the units display. 

4 

(37) 

16 

Bi 

Activates the B section of the units display. 

5 

(36) 

17 

Ai 

Activates the A section of the units display. 

6 

(35) 

18 

Fi 

Activates the F section of the units display. 

7 

(34) 

19 

Gi 

Activates the G section of the units display. 

8 

(33) 

20 

Ei 

Activates the E section of the units display. 
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Pin Description (Cont.) 


40-Pin DIP 
Pin Number 
Normai 

(Reverse) 

60-Pin 

Fiat Package 
Pin Number 

Name 

Description 

9 

(32) 

21 

D2 

Activates the D section of the tens display. 

10 

(31) 

25 

C2 

Activates the G section of the tens display. 

11 

(30) 

26 

B2 

Activates the B section of the tens display. 

12 

(29) 

27 

A2 

Activates the A section of the tens display. 

13 

(28) 

28 

F2 

Activates the F section of the tens display. 

14 

(27) 

29 

E2 

Activates the E section of the tens display. 

15 

(26) 

30 

D3 

Activates the D section of the hundreds display. 

16 

(25) 

31 

B3 

Activates the B section of the hundreds display. 

17 

(24) 

32 

F3 

Activates the F section of the hundreds display. 

18 

(23) 

33 

E3 

Activates the E section of the hundreds display. 

19 

(22) 

34 

AB4 

Activates both halves of the 1 in the thousands display. 

20 

(21) 

35 

POL 

Activates the negative polarity display. 

21 

(20) 

36 

BP 

Backplane drive output. 

22 

(19) 

37 

G3 

Activates the G section of the hundreds display. 

23 

(18) 

40 

A3 

Activates the A section of the hundreds display. 

24 

(17) 

41 

C3 

Activates the G section of the hundreds display. 

25 

(16) 

43 

G2 

Activates the G section of the tens display. 

26 

(15) 

45 

v" 

Negative power supply voltage. 

27 

(14) 

46 

Vint 

The integrating capacitor should be selected to give the maximum voltage swing 
that ensures component tolerance build up will not allow the integrator 
output to saturate. When analog common is used as a reference and 
the conversion rate is 3 readings per second, a 0.047 /xF capacitor may be used. 

The capacitor must have a low dielectric constant to prevent roll-over errors. 

See INTEGRATING GAPAGITOR section for additional details. 

28 

(13) 

47 

Vbuff 

Integration resistor connection. Use a 180 kn for a 200 mV full-scale range and a 

1.80 MO for 2 V full-scale range. 

29 

(12) 

49 

Caz 

The size of the auto-zero capacitor influences the system noise. Use a 0.33 /uF 
capacitor for a 200 mV full-scale, and a 0.033 ;uF capacitor for a 2 volt full-scale. 

See paragraph on AUTO-ZERO GAPAGITOR for more details. 

30 

(11) 

51 

ViN 

The low input is connected to this pin. 

31 

(10) 

55 

ViN 

The high input signal is connected to this pin. 

32 

(9) 

57 

Analog 

Common 

This pin is primarily used to set the analog common-mode voltage for battery 
operation or in systems where the input signal is referenced to the power supply. 

See paragraph on ANALOG GOMMON for more details. It also acts as a 
reference voltage source. 

33 

(8) 

58 

Gref 

See pin 34. 

34 

(7) 

59 

Gref 

A 0.1 fxF capacitor is used in most applications. If a large common mode voltage 
exists (for example the Vin pin is not at analog common), and a 200 mV scale is 
used, a 1.0 fxF is recommended and will hold the rollover error to 0.5 count. 

35 

(6) 

60 

Vref 

See pin 36. 

36 

(5) 

1 

Vref 

The analog input required to generate a full-scale output (1,999 counts). Place 

100 mV between pins 35 and 36 for 199.9 mV full-scale. Place 1.00 volts between 
pins 35 and 36 for 2 volts full-scale. See paragraph on REFERENGE VOLTAGE. 

37 

(4) 

3 

Test 

Lamp test. When pulled high (to V^) all segments will be turned on and the display 
should read -1888. It may also be used as a negative supply for externally 
generated decimal points. See paragraph under TEST for additional information. 

38 

(3) 

4 

OSG 3 

See pin 40. 

39 

(2) 

6 

OSG 2 

See pin 40. 

40 

(1) 

10 

OSG 1 

Pins 40, 39, 38 make up the oscillator section. For a 48 kHz clock (3 readings per 
section) connect pin 40 to the junction of a 180 kjQ resistor and a 50 pF capacitor. 

The 180 kn resistor is tied to pin 39 and the 50 pF capacitor is tied to pin 38. 
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Detaiied Description 

ANALOG SECTION 

Figure 3 shows the Block Diagram of the Analog Section 
for the 7126. Each measurement cycie is divided into three 
phases. They are (1) auto-zero (A-Z), (2) signal integrate 
(INT) and (3) de-integrate, (DE). 

1. Auto-zero phase 

Input high and low are disconnected from the pins and 
internaily shorted to anaiog COMMON. The reference 
capacitor is charged to the reference voltage. A feedback 
loop is closed around the system to charge the auto-zero 
capacitor Caz to compensate for offset voltages in the 
buffer amplifier, integrator, and comparator. Since the 
comparator is included in the loop, the A-Z accuracy is 
limited only by the noiseof thesystem. Theoffset referred 
to the input is less than lO/iV. 

2. Signal Integrate phase 

The auto-zero loop is opened, the internal short is re¬ 
moved, and the internal input high and low are connected 
to the external pms. The converter then integrates the 
differential voltage between IN Hr and IN LO for a fixed 
time. This differential voltage can be within a wide com¬ 
mon mode range; within one volt of either supply. If, on the 
other hand, the input signal has no return with respect to 
the converter power supply, IN LO can be tied to analog 
COMMON to establish the correct common-mode vol¬ 
tage. Attheend of this phase, the polarity of the integrated 
signal is determined. 

3. De-integrate Phase 

The final phase is reference integrate or de-integrate. 
Input low is internally connected to analog common and 
input high is connected across the previously charged 


reference capacitor. Circuitry within the chip ensures that 
the capacitor will be connected with the correct polarity 
to cause the integrator output to return to zero. The 
time required for the output to return to zero is propor¬ 
tional to the input signal. The digital reading displayed is 


lOOOx 


VIN 

Vref 


Differential Reference 


The reference voltage can be generated anywhere within the 
power supply voltage of the converter. The main source of 
common mode error is a roll-over voltage caused by the 
reference capacitor losing or gaining charge to stray capac¬ 
ity on its nodes. If there is a large common mode voltage, the 
reference capacitor can gain charge (increase voltage) 
when called up to de-integrate a positive signal but lose 
charge (decrease voltage) when called up to deintegrate a 
negative input signal. This difference in reference for (-)-) or 
( —) input voltage will give a roll-over error. However, by 
selecting the reference capacitor large enough in compari¬ 
son to the stray capacitance, this error can be held to less 
than 0.5 count for the worst case condition. See Compo¬ 
nent Values Selection. 



Differential Input 

The input can accept differential voltages anywhere within 
the common mode range of the input amplifier: or specifi¬ 
cally from 1.0 volts below the positive supply to 1.0 volt 
above the negative supply. In this range the system has a 
CMRR of 86 dB typical. However, since the integrator also 
swings with the common mode voltage, care must be exer¬ 
cised to assure the integrator output does not saturate. A 
worst case condition would be a large positive common¬ 
mode voltage with a near full-scale negative differential 
input voltage. The negative input signal drives the integrator 
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positive when most of its swing has been used up by the 
positive common mode voitage. For these critical applica¬ 
tions the integrator swing can be reduced to less than the 
recommended 2\/ full scale swing with little loss of accuracy. 
The integrator output can swing within 0.3 volts of either 
supply without loss of linearity. 

Analog Common 

This pin is included primarily to set the common mode 
voltage for battery operation or for any system where the 
input signals are floating with respect to the power 
supply. The common pin sets a voltage that is approximately 
2.8 volts more negative than the positive supply. This is 
selected to give a minimum end-of-life battery voltage of 
about 6V. However, the analog common has some of the 
attributes of a reference voltage. When the total supply vol¬ 
tage is large enough to cause the zener to regulate (>7V), the 
common voltage will have a low voltage coefficient 
(0.001%/%), low output impedance (-15(1), and a tempera¬ 
ture coefficient typically less than 80 ppm/°C. 

An external reference may be added to improve temperature 
stability. The circuit is shown in Figure 4. 



Analog common is also used as the IN LO return during 
auto-zero and de-integrate. If IN LO is different from analog 
COMMON, a common mode voltage exists in the system 
and is taken care of by the excellent CMRR of the converter. 
However, in some applications IN LO will be set at a fixed 
known voltage (power supply common for instance). In this 
application, analog COMMON shbuld be tied to the same 
point, thus removing the common mode voltage from the 
converter. The same holds true for the reference voltage. If 
reference can be conveniently referenced to analog COM¬ 
MON, it should be since this removes the common mode 
voltage from the reference system. 

Within the 1C analog COMMON is tied to an N-channel 
FET that can sink 100 mA or more of current to hold the 
voltage 2.8 volts below the positive supply (when a load is 
trying to pull the common line positive). However, there 
is only 1 juA of source current, so COMMON may easily 
be tied to a more negative voltage thus over-riding the 
internal reference. 


Test 

The TEST pin serves two functions. It is coupled to the 
internally generated digital supply through a 500(1 resis¬ 
tor. Thus it can be used as the negative supply for 
externally generated segment drivers such as decimal 
points or any other presentation the user may want to 
include on the LCD display. No more than a 1 mA load 
should be applied. Figures 5 and 6 show such an 
application. 

The second function is a "lamp test”. When TEST is pulled 
high (to V^) all segments will be turned on and the display 
should read - 1888. The TEST pin will sink about 10 mA 
under these conditions 

Caution: In the lamp test mode, the segments have a con¬ 
stant d-c voltage (no square-wave) and may burn the 
LCD display if left in this mode for several minutes. 


Iv^ 






r 

^ n 



1 

1 

4049 



1 

1 

1 

TSC7126 

on 


1 

1 

ISr 1 

Dr 

Tcex 

21 

‘ 1 
i_ 

"Tgnd 

1 cb 1 

37 



TO LCD 

DECIMAL 

POINT 


TO LCD 
BACK PLANE 


Figure 5: Simple Inverter for Fixed Decimal Poirit 



DECIMAL 
TSC7126 POINT 

SELECT 


TEST 

ni 




(IDOr 

3]>i- 


4030 I 
- 


:i\: 


TO LCD 

DECIMAL 

POINTS 


Figure 6: Exclusive ‘OR’ Gate for Decimal Point Drive 


DIGITAL SECTION 

Figure 8 shows the digital section for the 7126. An inter¬ 
nal digital ground is generated from a 6 volt Zener diode 
and a large P channel source follower. This supply is 
made stiff to absorb the relative large capacitive currents 
when the backplane (BP) voltage is switched. The BP 
frequency is the clock frequency divided by 800. For 
three readings/second this is a 60 Hz square wave with a 
nominal amplitude of 5 volts. The segments are driven at 
the same frequency and amplitude and are in phase with 
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BP when OFF, but out of phase when ON. In all cases, 
negligible d-c voltage exists across the segments. The 
poiarity indication is “ON" for negative anaiog inputs. If 
IN LO and IN HI are reversed, this indication can be re¬ 
versed also, if desired. 

System Timing 

Three clocking methods may be used: (Figure 7) 

1. An externai osciiiator connected to pin 40. 

2. A crystai between pins 39 and 40. 

3. An R-C osciiiator using all three pins. 

The oscillator frequency is divided by four before it clocks 
the decade counters. It is then further divided to form the 
three convert-cycle phases. These are signal integrate (1000 
counts), reference de-integrate (Oto 2000counts) and auto¬ 
zero (“1000 to 3000 counts). For signals less than full scale, 
auto-zero gets the unused portion of reference integrate. 
This makes a complete measurecycleof 4,000 (16,000 clock 
pulses) independent of input voltage. For three readings/ 
second, an oscillator frequency of 48 kHz would be used. 


To achieve maximum rejection of 60 Hz pickup, the sig¬ 
nal integrate cycle should be a multiple of 60 Hz. 
Oscillator frequencies of 60 kHz, 48 kHz, 40 kHz, 33-1/3 
kHz, etc. should be selected. For 50 Hz rejection. Oscilla¬ 
tor frequencies of 66-2/3 kHz, 50 kHz, 40 kHz, etc. would 
be suitable. Note that 40 kHz (2.5 readings/second) will 
reject both 50 and 60 Hz (also 400 and 440 Hz). 





TYPICAL SEGMENT OUTPUT 
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Figure 8: Digital Section 
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Component Value Selection 

1. Auto-zero Capacitor 

The size of the auto-zero capacitor has some infiuence 
on the noise of the system. For 200 mV fuil scale where 
noise is very important, a 0.33 /uF capacitor is 
recommended. On the 2 voit scale, a 0.033 /uF capacitor 
increases the speed of recovery from overload and is 
adequate for noise on this scale. 

2. Reference Capacitor 

A 0.1 /uF capacitor is acceptabie in most applications. How¬ 
ever, where a large common mode voltage exists (i.e. the 
REF LO pin is not at analog COMMON) and a 200 mV scale is 
used, a iarger vaiue is required to prevent roli-over error. 
Generaiiy 1.0 /uF will hold the roll-over error to 0.5 count in 
this instance. 

3. integrating Capacitor 

The integrating capacitor shouid be selected to give the 
maximum voitage swing that ensures tolerance build-up 
will not saturate the integrator swing (approx. 0.3 voit 
from either supply). When the analog COMMON is used 
as a reference, a nominal ±2 volt full scale integrator 
swing is acceptable). For three readings/second (48 kHz 
clock) nominal valuator Cint is0.047 )uF,forone reading 
per second (16 kHz) use 0.15 juF. 

If different osciliator frequencies are used, these vaiues 
shouid be changed in inverse proportion to maintain the 
output swing. 

The integrating capacitor must have low dielectric 
absorption to prevent roll-over errors. Polypropylene 
capacitors are recommended for this application. 

At three readings/sec., a 750n resistor shouid be placed 
in series with the integrating capacitor, to compensate 
for comparator delay. 


4. Integrating Resistor 

Both the buffer amplifier and the integrator have a class A 
output stage with 6 /uA of quiescent current. They can 
supply -1 ijlA of drive current with negiigibie non-iinearity. 
The integrating resistor should be large enough to remain in 
this very linear region over the input voltage range, but small 
enough that undue leakage requirements are not placed on 
the PC board. For 2 volt full scale, 1.8 Mfl is near optimum 
and simiiariy 180 KH for a 200.0 mV scale. 

5. Oscillator Components 

For all ranges of frequency a '50 pF capacitor is recom¬ 
mended and the resistor is selected from the approximate 
equation f ~ ^ . For 48 kHz clock (3 readings/second), 
R = 180K(1. f’C 

6. Reference Voitage 

The analog input required to generate fuli-scale output 
(2000 counts) is: Vin = 2 Vref. Thus, for the 200.0 mV and 
2.000 volt scale, Vref should equal 100.0 mV and 1.000 volt, 
respectively. However, in many applications where the A/D 
is connected to a transducer, there will exist a scale factor 
other than unity between the input voltage and the digital 
reading. For instance, in a weighing system, the designer 
might like to have a full scale reading when the voltage from 
the transducer is 0.682V. Instead of dividing the input down 
to 200.0 mV, the designer should use the input voltage 
directly and select Vref = 0.341V. A suitable value for inte¬ 
grating resistor would be 330 KH. This makes the system 
slightly quieter and also avoids the necessity of a divider 
network on the input. Another advantage of this system 
occurs when a digital reading of zero is desired for Vin ^ 0. 
Temperature and weighing systems with a variable tare are 
examples. This offset reading can be conveniently gener¬ 
ated by connecting the voltage transducer between iN HI 
and COMMON and the variable (or fixed) offset voltage 
between COMMON and IN LO. 


Typical Applications 



Figure 9: AC to DC Converter with TSC7126. Test is Used as a Common Mode Reference Levei to Ensure 
Compatibility with Most Op-amps. 


W TELEDYNE SEMICONDUCTOR 


7 - 128 










3 1/2 Digit A/D Converter 

• Low Power Dissipation - 900 /iW Max. 


TSC7126 


Typicai Applications (Cont.) 



Figure 10: Recommended Values for 2.000 V Full- 
Scale, Three Readings Per Second. 


Figure 12: TSC7126 Using the Internal Reference. 

200.0 mV Full-Scale, Three Readings Per 
Second, Floating Supply Voltage 
(9 V Battery). 




Figure 11: TSC7126 with Zener Diode Reference. Figure 13: TSC7126 Operated From Single +5 V 

Supply. An External Reference Must 
Be Used. 
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• Low Power Dissipation - 900 mW Max. 


Typical Applications (Cont.) 



I_ *Values depend on ciock frequency. See Figure 10, 12, 15. | 

Figure 14: TSC7126 Measuring Ratiometric Vaiues of 
Quad Load Ceii. The Resistor Vaiues 
Within the Bridge are Determined by the 
Desired Sensitivity. 



Figure 15: TSC7126 With an Externai Band>Gap 
Reference (1.2 V Typ) iN LO Is Tied to 
Common. Values Shown are for One 
Reading Per Second. 



Figure 16: TSC7126 Used as a Digital Centigrade 

Thermometer. A Silicon Diode-Connected 
Transistor Has a Temperature Coefficient 
of About 2mV/°C. 



Figure 17: Circuit for Developing Underrange and 

Overrange Signals from TSC7126 Outputs. 


TELEDYNE SEMICONDUCTOR 


7 - 130 







3 1/2 Digit A/D Converter 
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Typicai Appiications (Cont.) 


TSC7126 



Figure 18: Recommended Component Values for 2.00 V Full-Scale, One Reading Per Second. 


Package information 










Notes 
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TSC7135 
4 1/2 Digit Precision 
Anaiog-to-Digitai Converter 


General Description 


Features 


The TSC7135 4 1/2 digit analog converter offers 50 ppm 
(1 part in 20,000) resoiution with a maximum linearity errorof 
1 count. An auto-zero cycle reduces the zero error to below 
10 /uV and zero drift to 0.5 /uV/®C. Source impedance error 
sources are minimized by a 10 pA maximum input current. 
Roilover error is iimited to ± 1 count. 

By combining the TSC7135 with a TSC7211A (LCD), 
TSC7212A (LED) orTSC700A (High LED Segment Current) 
driver a 4 1/2 digit dispiay DVM or DPM can be constructed. 
Overrange and underrange signais support automatic range 
switching and speciai dispiay blanking/flashing applications. 

Micro-processor base d measu rement systems are supported 
by the TSC7135 Busy, Strobe and Run/HOLD controi signais. 
Remote data acquisition systems with data transfer via UARTs 
are also possible. The additional control pins and multiplexed 
BCD outputs make the TSC7135 the ideal converter for dis¬ 
play or ju-processor based measurement systems. 


Ordering Information 


Part No. 

Package 

Temperature 

Range 

TSC7135CJI 

28-Pin CerDIP 

0®Cto +70® C 

TSC7135CPI 

28-Pin Plastic 

0®Cto +70® C 


60-Pin Plastic 


TSC7135CBQ 

Flat Package w/ 
Formed Leads 

0®Cto +70® C 


60-Pin Plastic 


TSC7135CSQ 

Flat Package w/ 
Unformed Leads 

0®Cto +70® C 




Low Rollover Error. ±1 Count Maximum 

Guaranteed ± 1 Count Maximum Error 

Guaranteed Zero Reading for 0 V Input 

True Polarity Indication at Zero for Null Detection 

Multiplexed BCD Data Output 

TTL Compatible Outputs 

Differential Input 

Control Signals Permit Interface to UARTS and 
ju-Processors 

Auto-ranging Supported with Over and Underrange 
Signals 

Blinking Display Visually Indicates Overrange Condition 


Low Input Current . 1 pA 

Low Zero Reading Drift . 2 AtV/®C 


Interface to TSC7211A, TSC7212A, and TSC700A 
Display Drivers 

Available in Compact Flat Package 



Pin Configuration 





v-[T 


Is] UNOERANGE 

REF In1_2_ 


^OVERANGE 

ANALOG COMMON[T 


le] StR6b6 

intout[T 


^ RUN/HOLD 

AZ IN [T 

TSC7135 

^ digital ground 

BUFF 0UT[T 
REF CAP -[T 

^ POLARITY 
^ CLOCK IN 

REF CAP+[T 


IT] BUSY 

-INPUT [T 


lo](LSD)DI 

+input[]T 


Til D2 



lil D3 

(msdidbQT 


T7] D4 

(LSBIBlfiT 


(MSB)B8 

bzQT 


li] B4 

SEE PAGE 5 FOR COMPACT FLAT PACKAGE 


Typical 4 1/2 Digit DVM with LCD Display 


.^(^TSCg491 



© 1983 


7 - 133 


W TELEDYNE SEMICONDUCTOR 
















4 1/2 Digit Precision 

TSC7135 __ Anaiog-to-Digitai Converter 


Absolute Maximum Ratings (Note i) 

Positive Supply Voltage ..... +6 V 

Negative Supply voltage ... -9 V 

Analog Input Voltage (Pin 9 or 10) .V"^ to V" (Note 2) 

Reference Input Voltage (Pin 2) . V"*" to V‘ 

Clock Input Voltage . 0 V to V”^ 

Operating Temperature Range .... 0®C to +70®C 

Storage Temperature Range . -65®C to+160®C 

Soldering Lead Temperature (10 Seconds) . 300®C 

CerDIP(J) Package Power Dissipation. 1 W 

Plastic(P) Package Power Dissipation .0.8 W 

Electrical Specifications; ta = 25° c, tcLocK = 120 khz, v* = 5.0 v, 

V = -5 V 




TYPE 

NO. 

SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

MIN 

TSC7135 

TYP 

MAX 

UNIT 

A 

1 


Display Reading with 

Zero Volt Input 

Note 3,4 

-0.0000 

±0.0000 

+0.0000 

Display 

Reading 

N 

A 

L 

2 

TCz 

Zero Reading 

Temperature Coefficient 

ViN = 0 V 

Note 5 

- 

0.5 

2 

mV/®C 

0 

G 

3 

TCfs 

Full Scale 

Temperature Coefficient 

ViN = 2 V 

Notes 5,6 

- 

- 

5 

ppm/°C 

S 

E 

C 

4 

NL 

Nonlinearity Error 

Note 7 

- 

0.5 

1 

count 

5 

DNL 

Differential 

Linearity Error 

Note 7 

- 

0.01 

- 

LSB 

T 

1 

6 


Display Reading In 
Ratiometric Operation 

ViN = Vref 

Note 3 

+0.9998 

+0.9999 

+1.0000 

Display 

Reading 

Z G 

7 

±FSE 

± Full Scale Symmetry 
Error (Rollover Error) 

-ViN = +V|N 

Note 8 

- 

0.5 

1 

count 


8 

IlN 

Input Leakage Current 

Note 4 

— 

1 

10 

pA 


9 

Vn 

Noise 

Peak-to-Peak 
Value not exceed 
95% of time 

- 

15 

- 

^Vp-p 


10 

Inl 

Input Low Current 

ViN = 0 V 

— 

10 

100 

mA 

DS 

1 E 

11 

Inh 

Input High Current 

ViN = +5 V 


0.08 

10 

mA 

12 

VOL 

Output Low Voltage 

lOL = 1.6 mA 

- 

0.20 

0.40 

V 

G C 

1 T 

T 1 

13 

VOH 

Output High Voltage 
(Bi, B2, B4, Bs, Di - Ds) 

lOH = 1 mA 

2.4 

4.4 

5.0 

V 

AO 

L N 

14 

VOH 

Output High Voltage 
(Busy, Polarity, Overrange, 
Underrange, Strobe) 

lOH = 10 /xA 

4.9 

4.99 

5.0 

V 


15 

fCLK 

Clock Frequency 

Note 11 

0 

100 

1200 

kHz 

« s 

16 

V* 

Positive Supply Voltage 


4 

5 

6 

V 


17 

V’ 

Negative Supply Voltage 


-3 

-5 

-8 

V 

< 

18 

r 

Positive Supply Current 

fCLK = 0 Hz 

— 

1.0 

3.0 

mA 

"y 

19 

r 

Negative Supply Current 

fCLK = 0 Hz 

— 

0.7 

3.0 

mA 


20 

Pd 

Power Dissipation 

fCLK = 0 Hz 

— 

8.5 

30 

mW 

Notes: 

1. Functional operation is not implied. 

2. Limit input current to under 100 mA if input voltages exceed supply voltage. 

3. Full Scale Voltage = 2.000 V. 

4. ViN = 0.0000 V. 

5. 0“C< Ta<+70®C. 

6 . External Reference Temperature Coefficient less than 0.01 ppm/®C. 

7. -2 V < ViN ^ +2 V. Error of reading from best fit straight line. 

8 . IVinI = 1.9959. 

9. Test Circuit shown in Figure 1. 

10. Static Sensitive Device. Unused devices must be stored in conductive 
material to protect devices form static discharge and static fields. 

11. Specification related to clock frequency range over which the TSC7135 
correctly performs its various functions. Increased errors result at higher 
operating frequencies. 
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Test Circuits 


ANALOG INPUT 

sWr 7 swpj^ buff^ integrating integrating 

\ , , / « ry, RESISTOR CAPACITOR 



Figure 3A: TSC7135 Analog Circuit Function Diagram Figure 3E: TSC7135 Integrator Output Zero Phase 
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4 1/2 Digit Precision 
Anaiog-to-Digitai Converter 


Generai Theory of Operation 
Dual Slope Conversion Principles 

The TSC7135 is a dual slope, integrating analog to digital 
converter. An understanding of the dual slope conversion 
technique will aid in following the detailed TSC7135 opera¬ 
tion theory. 

The conventional dual slope converter measurement cycle 
has two distinct phases: 

* Input Signal Integration 

* Reference Voltage Integration (Deintegration) 

The input signal being converted is integrated for a fixed time 
period. Time is measured by counting clock pulses. An op¬ 
posite polarity constant reference voltage is then integrated 
until the integrator output voltage returns to zero. The refer¬ 
ence integration time is directly proportional to the input 
signal. 

In a simple dual slope converter a complete conversion re¬ 
quires the Integrator output to “ramp-up” and “ramp-down.” 



Figure 3: Basic Dual Slope Converter 


A simple mathematical equation relates the input signal, 
reference voltage and integration time; 


-L/v 

RC Ja 


Tsi 

% 

ViN(t) dt 


Vr Tri 

“rc 


where: 

Vr = Reference Voltage 

Tsi = Signal Integration Time (Fixed) 

Tri = Reference Voitage Integration Time (Variable) 

For a constant Vin: 

ViN = Vr ' 


Tsi 


The dual slope converter accuracy is unrelated to the inte¬ 
grating resistor and capacitor values as long as they are 
stable during a measurement cycle. An inherent benefit is 
noise immunity. Noise spikes are integrated or averaged to 
zero during the integration periods. Integrating ADCs are 
immune to the large conversion errors that plague succes¬ 
sive approximation converters in high noise environments. 


TSC7135 Operation Theory 

The TSC7135 incorporates a system zero and integrator out¬ 
put voltage zero phase to the normal two phase dual slope 
measurement cycle. Reduced system errors, fewer calibration 
steps and a shorter overrange recovery time result. 

The TSC7135 measurement cycle contains four phases: 

• System Zero 

• Analog Input Signal Integration 

• Reference Voltage Integration 

• Integrator Output Zero 

Internal analog gate status is shown in Table 1 for each phase. 


Table 1: Internal Analog Gate Status 


Conversion 
Cycle Phase 



Internal Analog Gate Status 



Reference 

Schematic 


SWi 

SWri 

SWw 

SWz 

SWr 

SWi 

SWiz 


System 

Zero 




Closed 

Closed 

Closed 


3 A 

Input Signal 
Integration 

Closed 







SB 

Reference 

Voltage 

Integration 


Closed* 




Closed 


3 C 

Integrator 

Output 

Zero 






Closed 

Closed 

3 D 


Note: ‘Assumes a positive poiarity input signal. SWri would be closed for a negative input signal. 
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Anaiog-to-Digital Converter 


TSC7135 


System Zero Phase (Figure 3B) 


Analog Common (Pin 3) 


During this phase errors due to buffer, integrator and com¬ 
parator offset voltages are compensated for by charging Caz 
(auto-zero capacitor) with a compensating error voltage. With 
a zero input voltage the integrator output will remain at zero. 

The external input signal is disconnected from the internal 
circuitry by opening the two SWi switches. The internal 
input points connect to analog common. The reference 
capacitor charges to the reference voltage potential through 
SWr. a feedback loop, closed around the Integrator and 
comparator, charges the Caz capacitor with a voltage to 
compensate for buffer amplifier, integrator and comparator 
offset voltages. 


Analog Input Signal Integration Phase 

(Figure 3C) 

The TSC7135 integrates the differential voltage between the 
+ Input and - Input. The differential voltage must be within 
the device common-mode range; -1 V from either supply rail 
typically. 

The input signal polarity is determined at the end of this 
phase. 


Reference Voltage Integration (Figure 3D) 

The previously charged reference capacitor is connected 
with the proper polarity to ramp the integrator output back to 
zero. The digital reading displayed is: 


Reading = 10,000 


Differential Input 
Vref 


Analog COMMON is used as the -Input return during auto¬ 
zero and de-integrate. If -Input is different from analog 
COMMON, a common-mode voltage exists in the system. 
This signal is rejected by the excellent CMRR of the conver¬ 
ter. In most applications -Input will be set at a fixed known 
voltage (power supply common for instance). In this applica¬ 
tion, analog COMMON should be tied to the same point, thus 
removing the common-mode voltage from the converter. The 
reference voltage is referenced to analog COMMON. 

Reference Voltage (ref in (Pin 2)) 

The REF IN reference voltage input must be a positive voltage 
with respect to analog COMMON. Two reference voltage cir¬ 
cuits are shown in Figure 4. 



Integrator Output Zero (Figure 3E) 

This phase guarantees the integrator output is at zero volts 
when the system zero phase is entered and that the true sys¬ 
tem offset voltages are compensated for. This phase normally 
lasts 100 to 200 clock cycles. If an overrange condition exists 
the phase is extended to 6200 clock cycles. 

Analog Pin Functional Description 
Differential Inputs (+input (Pin 10) and-input (Pin 9)) 

The TSC7135 operates with differential voltages within the 
input amplifier common-mode range. The input amplifier 
common-mode range extends from 0.5 V below the positive 
supply to 1.0 V above the negative supply. Within this com¬ 
mon-mode voltage range an 86 dB common-mode rejection 
ratio is typical. 

The integrator output also follows the common-mode vol¬ 
tage. The integrator output must not be allowed to saturate. 
A worst case condition exists, for example, when a large posi¬ 
tive common-mode voltage with a near full scale negative 
differential input voltage is applied. The negative input signal 
drives the integrator positive when most of its swing has been 
used up by the positive common-mode voltage. For these cri¬ 
tical applications the integrator swing can be reduced to less 
than the recommended 4 V full scale swing with some loss of 
accuracy. The integrator output can swing within 0.3 volts of 
either supply without loss of linearity. 


The TSC7135 digital section is shown in Figure 5. Timing 
relationships are shown in Figure 6. 


Pin Configuration 
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Anaiog-to-Digital Converter 



Figure 5: TSC7135 Digital Section Function Diagram 



Figure 6: Timing Diagrams for Outputs 


TSC7135 Digital Section Functional 
Description 

The major digital subsystems within the TSC7135 are illus¬ 
trated in Figure 5 with timing relationships shown in Figures. 
The multiplexed BCD output data can be displayed on LCD 
or LED displays with the TSC700A (LED), TSC7211A (LCD), 
or TSC7212A (LED) four digit display drivers. 

The digital section is best described through a discussion of 
the control signals and data outputs. 


Run/Hold Input (Pin 25 ) 

When left open this pin assumes a logic 1 level. With R/R'-1 
the TSC7135 performs conversions continuously with a new 
measurement cycle beginning every 40,002 clock pulses. 

When R/H changes to a logic 0 the measurement cycle in 
progress will be completed and data held and displayed as 
long as the logic 0 condition exists. 

A positive pulse (>300 ns) at R/H will initiate a new measure¬ 
ment cycle. The measurement cycle in progress when R/H 
initially assumed the logic “O'’ state must be completed before 
the positive pulse can be recognized as a single conversion 
run command. 

The new measurement cycle begins with a 10,001 count 
auto-zero phase. At the end of this phase the busy signal 
goes high. 

Strobe Output (Pin 26) 

During the measurement cycle the §TROBE control line is 
pulsed low five times. The five low pulses occur in the center 
of the digit drive signals (Di, D 2 , D 3 , Ds). (Figure 7) 

Ds (MSD) goes high for 201 counts when the measurement 
cycles end. In the center of the Ds pulse, 101 clo ck pulses 
after the end of the measurement cycle, the first STROBE 
occurs for one-half clock pulse. Afte r the Ds d igit strobe, D 4 
goes high for 200 clock pulses. The STROBE goes low 100 
clock pulses after D 4 goes high. This continues through the 
Di digit drive pulse. 

The digit drive signals will continue to permit display scan¬ 
ning. STROBE pulses are not repeated until a new measure¬ 
ment is completed. The digit drive signals will not continue if 
the previous signal resulted in an overrange condition. 

The active low STROBE pulses aid BCD data transfer to 
UARTs, processors and external latches. See Application 
Note AN16. 




END OF CONVERSION 


T3 r~i r 


n<;—1*^201 -►L 

COUNTS 


r 200 TL 


j:: 200 a 


jr 200 a 


JL 200 


L—200—J 

nniiMT.Q ^ 


Figure 7: Strobe Signal Pulses Low 5 Times 
Per Conversion. 
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Busy Output (Pin 21) 

At the beginning of the signal integration phase BUSY goes 
high and remains high until the first clock pulse after the 
integrator zero crossing. BUSY returns to the logic “0” state 
after the measurement cycle ends in a overrange condition. 
The internal display latches are loaded during the first clock 
pulse after busy and are latched at the clock pulse end. The 
busy signal does not go high at the beginning of the measure¬ 
ment cycle which starts with the auto-zero cycle. 

Overrange Output (Pin 27) 

If the input signal causes the reference voltage integration 
time to exceed 20,000 clock pulses the overrange output is 
set to a logic 1. The overrange output register is set when 
BUSY goes low and is resetat the beginning of the next refer¬ 
ence integration phase. 

TSC7135 Digital Section Functional 
Description (Cont.) 

Underrange Output (Pin 28) 

If the output count is 9% of full scale or less (<1800 counts) 
the underrange register bit is set at the end of BUSY. The bit is 
set low at the next signal integration phase. 

Polarity Output (Pin 23) 

A positive input is registered by a logic 1 polarity signal. The 
polarity bit is valid at the beginning of reference integrate and 
remains valid until determined during the next conversion. 
The polarity bit is valid even for a zero reading. Signals less 
than the converters LSB will have the signal polarity deter¬ 
mined correctly. This is useful in null applicatiens. 

Digit Drive Outputs (Pins 12,17,18,19 & 20) 

Digit drive signals are positive going signals. The scan 
sequence is D5 to Di. All positive pulses are 200 clock pulses 
wide except D5 which is 201 clock pulses wide. 

All five digits are scanned continuously unless an overrange 
condition occurs. In an overrange condition all digit drives 
are held low from the final STROBE pulse until the beginning 
of the next reference integrate phase. The scanning se¬ 
quence is then repeated. This provides a blinking visual 
display indication. 

BCD Data Outputs (Pins 13.14,15 and 16) 

The binary coded decimal bits Bs, B4, B2, Bi are positive 
true logic signals. The data bits become active simultan¬ 
eously with the digit drive signals. In an overrange condition 
all data bits are at a logic “0” state. 

Applications Information 
Component Value Seiectlon 

The integrating resistor is determined by the full scale input 
voltage and the output current of the buffer used to charge 
the integrator capacitor. Both the buffer amplifier and the 
integrator have a class A output stage with 100 /xA of quies¬ 
cent current. A 20 nA drive current gives negligible linearity 
errors. Values of 5 to 40 /xA give good results. The exact value 
of integrating resistor for a 20 /xA current is easily calculated. 


Rint = 


full-scale voltage 

2o7a 


Integrating Capacitor 

The product of integrating resistor and capacitor should be 
selected to give the maximum voltage swing which ensures 
that the tolerance build-up will not saturate the integrator 
swing (approx. 0.3 volt from either supply). For ±5 volt 
supplies and analog COMMON tied to supply ground, a±3.5 
to ±4 volt full scale integrator swing is adequate. A 0.10 /xF to 
0.47 /lxF is recommended. In general, the value of Cint is given 
by: 

_ [10,000 X clock period] x Iint 

Integrator output voltage swing 


(10,000) (clock period) (20 mA) 


Integrator output voltage swing 

A very important characteristic of the integrating capacitor is 
that it has low dielectric absorption to prevent roll-over or 
ratiometric errors. A good test for dielectric absorption is to 
use the capacitor with the input tied to the reference. This ratio- 
metric condition should read half scale 0.9999. Any deviation is 
probably due to dielectric absorption. Polypropylene capaci¬ 
tors give undetectable errors at reasonable cost. Polystyrene 
and polycarbonate capacitors may also be used in less critical 
applications. 



Auto-Zero and Reference Capacitor 

The size of the auto-zero capacitor has some influence on 
the noise of the system. A large capacitor reduces the noise. 
The reference capacitor should be large enough such that 
stray capacitance to ground from its nodes is negligible. 
The dielectric absorption of the reference cap and auto-zero 
cap are only important at power-on or when the circuit is 
recovering from an overload. Smaller or cheaper caps can 
be used if accurate readings are not required for the first 
few seconds of recovery. 

Reference Voltage 

The analog Input required to generate a full-scale output is 
ViN == 2 Vref. 

The stability of the reference voltage is a major factor in the 
overall absolute accuracy of the converter. For this reason, it 
is recommended that a high quality reference be used where 
high-accuracy absolute measurements are being made. Suit¬ 
able references are: 


Part Type 

Manufacturer 

TSC9491 

Teledyne Semiconductor 

MC1400U2 

Motorola 


Conversion Timing 
Line Frequency Rejection 

A signal integration period at a multiple of the 60 Hz line fre¬ 
quency will maximize 60 Hz “line noise” rejection. 

A 100 kHz clock frequency will reject both 50 Hz, 60 Hz and 
400 Hz noise. This corresponds to 2.5 readings per second. 
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Oscillator Frequency 

Frequency Rejected 

300 kHz, 200 kHz, 

150 kHz, 120 kHz, 100 kHz, 
40 kHz, 33 1/3 kHz 

60 Hz 

250 kHz, 166 2/3 kHz, 

125 kHz, 100 kHz 

50 Hz 

100 kHz 

50 Hz, 60 Hz, 400 Hz 


Conversion Rate vs Clock Frequency 


Oscillator 

Frequency 

(kHz) 

Conversion 

Rate (Conv/Sec) 

100 

2.5 

120 

3 

200 

5 

300 

7.5 

400 

10 

800 

20 

1,200 

30 


Power Supplies and Grounds 

Power Supplies 

The TSC7135 is designed to work from ±5 V supplies. The 
conditions to use a single +5 V supply are: 

• The input signal is referenced to the center of the common 
mode range of the converter. 

• The signal is less than ±1.5 volts. 

Grounding 

Systems should use separate digital and analog ground sys¬ 
tems to avoid loss of accuracy. 

Displays and Driver Circuits 

Teledyne Semiconductor manufactures three display 
decoder/d river circuits to interface the TSC7135 to LCD or 
LED displays. Each driver has 28 outputs for driving four 
seven segment digit displays. The TSC700A features 
increased LED segment drive current for greater display 
brightness. 


Device Package 

Description 


TSC7211AIPL 40 Pin Epoxy 4 Digit LCD Driver/Decoder 

TSC7212AIPL 40 Pin Epoxy 4 Digit LED Driver/Decoder 

TSC700AIJL 40 Pin CerDIP 4 Digit LED Driver/Decoder 
with high LED Segment 
Current (Iseg ^11 mA) 

Several sources exist for LCD and LED dispiays: 

Manufacturer 

Address 

Display 

Type 

Hewlett Packard 
Components 

640 Page Mill Rd 

Palo Alto, CA 94304 

LED 

Litronix, Inc. 

19000 Homestead Rd. 
Cupertino, CA 94010 

LED 

And 

770 Airport Blvd. LCD and 

Burlingame, CA 94010 LED 

Epson America, Inc. 

3415 Kanhi Kawa St. 
Torrence, CA 90505 

LCD 
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High Speed Operation 

The maximum conversion rate of most dual-slope A/D con¬ 
verters is limited by the frequency response of the compara¬ 
tor. The comparator in this circuit follows the integrator ramp 
with a 3 /iS delay, and at a clock frequency of 160 kHz (6 /us 
period) half of the first reference integrate clock period is lost 
in delay. This means that the meter reading will change from 
0 to 1 with a 50 mV Input, 1 to 2 with 150 mV, 2 to 3 at 250 mV, 
etc. This transition at mid-point Is considered desirable by 
most users; however, if the clock frequency is increased 
appreciably above 160 kHz, the instrument will flash “1” on 
noise peaks even when the input is shorted. 

For many-dedicated applications where the input signal is 
always of one polarity, the delay of the comparator need not 
be a limitation. Since the non-linearity and noise do not 
increase substantially with frequency, clock rates of up to ~1 
MHz may be used. For a fixed clock frequency, the extra 
count or counts caused by comparator delay will be a con¬ 
stant and can be subtracted out digitally. 

The clock frequency may be extended above 160 kHz without 
this error, however, by using a low value resistor in series with 
the Integrating capacitor. The effect of the resistor is to intro¬ 
duce a small pedestal voltage on to the integrator output at 
the beginning of the reference integrate phase. By careful 
selection of the ratio between this resistor and the integrating 
resistor (a few tens of ohms in the recommended circuit), the 
comparator delay can be compensated and the maximum 
clock frequency extended by approximately a factor of 3. At 
higher frequencies, ringing and second order breaks will 
cause significant non-linearities in the first few counts of the 
instrument. 

The minimum clock frequency is established by leakage on 
the auto-zero and reference caps. With most devices, mea¬ 
surement cycles as long as 10 seconds give no measurable 
leakage error. 

The clock used should be free from significant phase or fre¬ 
quency jitter. Several suitable low-cost oscillators are shown 
in the Applications section. The multiplexed output means 
that if the display takes significant current from the logic 
supply, the clock should have good PSRR. 

Zero-Crossing Flip-Flop 

The flip-flop interrogates the data once every clock pulse 
after the transients of the previous ciock pulse and half-clock 
pulse have died down. Faise zero-crossings caused by clock 
pulses are not recognized. Of course, the flip-flop delays the 
true zero-crossing by up to one count in every instance, and if 
a correction were not made, the display would always be one 
count too high. Therefore, the counter is disabled for one 
clock pulse at the beginning of the reference integrate (de- 
integrate) phase. This one-count deiay compensates for the 
delay of the zero-crossing flip-flop, and allows the correct 
number to be latched into the dispiay. Similarly, a one-count 
delay at the beginning of auto-zero gives an overload display 
of 0000 instead of 0001. No delay occurs during signal inte¬ 
grate, so that true ratiometric readings resuit. 
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4 1/2 Digit Precision 
Anaiog-to-Digitai Converter 


TSC7135 


Appiication Circuits 




Figure B: Comparator Clock Circuit 


7 - 141 


TELEDYNE SEMICONDUCTOR 









TSC7135 


4 1/2 Digit Precision 
Analog-to-Digitai Converter 



4 1/2 Digit ADC Interfaced to LCD Display with Digit Bianking on Overrange 
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4 1/2 Digit Precision 

Anaiog-to-Digitai Converter TSC7135 


4 1/2 Digit ADC with Multipiexed Common Cathode LED Dispiay 
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4 1/2 Digit Precision 
Anaiog-tO'Digitai Converter 


Negative Supply Voltage Generator 



Output Voltage vs Output Current 

A negative voltage can be generated from the positive supply are available the 10 /xF capacitors can be lowered to 1 or 0.1 

by using a hex inverter as a free running oscillator to drive a mF depending on the output loading. If this circuit generates 

voltage doubler. The five inverters are paralleled to provide a more voltage than is needed, one half of the diodes and capa- 
low output impedance. Since the 4049 is a standard 4000 citors can be eliminated to reduce cost. The output voltage 

CMOS part, the circuit can be operated from 3 to 15 volts. will then beone-half of that shown in the graph and is available 

The 10 aiF capacitors were used in order to minimize output on the negative side of the 10 /xF capacitor connected to 
ripple at low V+ voltages. When higher input voltages (V+) ground. 


Package Outlines 


(Package #15) 

28-Pin Plastic Dip (J Package) 


60-Pin Fiat Package 





i y 3 -;«-S;t2o! / 

2.67 (.^S) I 



e ,454 
TYP 

.0315 

3-j- typ 


-■yyiyiw 


(Package #19) 
28-Pin CerDIP 


I 0.625 (15.875) 

O '!80 TO-SaO (14.986)'* 


0.060(1.524) 
0.016 (0.381) 


(4 572) 5:^ (13.970) 

-1.290(32.766) MAX—► (3;^ 0.510(12.964) 


0.015(0.381) , 
0.008 (0.203) 




0.200 (5.08) 
0.015 (0.382) 


0.110 (2.794) 0.070 (1.778) 0.023 (0.584) q 700 (17 780) 
0.090(2.286) 0.030(0.762) 0.015 (0.381 )|^^^ 
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“SQ” Package — Unformed Leads 
(Package #22) 


p'\K15° max 
^- J— 


.098 I 

‘T i 


“BQ” Package — Formed Leads 
(Package #21) 
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TSC8750 
3 1/2 Digit ADC 
w/Paraliei BCD Output 
• 10 mS Conversion Time 
• Latched Outputs 


General Description 


Features 


The Teledyne Semiconductor TSC8750 is a 31/2 digit mono¬ 
lithic CMOSanalog-to-digital converter. Fully self-contained 
in a single 24-pin dual in-line package, the converter requires 
only passive support components, voltage or current refer¬ 
ence and power supplies. 

Conversion is performed by an incremental charge balanc¬ 
ing technique which has inherently high accuracy, linearity 
and noise immunity. An amplifier integrates the sum of the 
unknown analog current and pulses of a reference current. 
The number of pulses (charge increments) needed to maintain 
the amplifier summing junction near zero are counted. At the 
end of conversion the total count is latched into the digital 
outputs in a 3 1/2 digit parallel BCD digital format. 


Ordering Information 




Temperature 

Part No. 

Package 

Range 

TSC8750CJ 

24-Pin 

Plastic Dip 

0®C to ±70® C 

TSC8750CN 

24-Pin 

Ceramic 

-40®C to ±85® C 

TSC8750BN 

24-Pin 

Ceramic 

-55®C to ±125®C 


Pin Configuration 



r 



24 

^ ^THOUSAND DIGIT 


C 11 

2 


23 

^ DATA VALID 

HUNDREDS J 






DIGIT 

bC 

3 


22 

BUSY 


Iae 

4 


21 

^ INITIATE CONVERSION 


r dc 

5 


20 

^ GND 

TENS 

cd 

6 

TSC8750 

19 

E ^DD 

DIGIT 

B L 

7 


18 

E '/ss 


. aC 

8 


17 

E 'BIAS 


' dE 

9 


16 

31 ZERO ADJUST 

ONES 

cE 

10 


15 

3 AMPLIFIER OUT 

DIGIT ' 

bE 

11 


14 

E 'in 


. aE 

12 


13 

E Iref 






High Accuracy — 3 1/2 Digit Resolution With < ±0.025% 
Error 

Military Temperature Range Devices 
Monotonic Performance — No Missing Codes 
Monolithic CMOS Construction Gives Low Power Dissi¬ 
pation — 20 mW Typical 

Contains All Required Active Elements — Needs only 
Passive Support Components, Reference Voltage and 
Dual Power Supply 

High Stability Over Full Temperature Range 

— Gain Temperature Coefficient Typically <25 ppm/°C 

— Zero Drift Typically <30 /uV/°C 

— Differential Non-Linearity Drift Typically <2.5 ppm/°C 
Latched Parallel BCD Outputs 

LPTTL and CMOS Compatible Outputs and Control 
Inputs 

Strobed or Free Running Conversion 

Infinite Input Range — Any Positive Voltage Can Be 

Applied Via a Scaling Resistor 



Absolute Maximum Ratings 


Storage Temperature .-65® C to + 150°C 

Operating Temperature 

BN . -55®Cto + 125®C 

CN . -40®Cto + 85°C 

CJ.0° to + 70°C 

Vdd-Vss . 18 V 

liN . ±10 mA 

Iref . ±10 mA 

Digital Input Voltage . -0.3 to Vdd ±0.3 V 

Operating Vdd and Vss Range . 3.5 V to 7 V 

Package Dissipation . 500 mW 

Lead Temperature. 300° C 

(Soldering, 10 seconds) 


HANDLING PRECAUTIONS 

CMOS devices must be handled correctly to prevent damage. 
Package and store only in conductive foam, anti-static tubes 
or other conductive material. Use proper anti-static handling 
procedures. Do not connect in circuits under “power on” 
conditions, as high transients may cause permanent damage. 


©1985 
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3 1/2 Digit ADC 
w/Paraiiel BCD Output 
• 10 mS Conversion Time 
_• Latched Outputs 


Electrical Characteristics unless otherwise specified, vdd =+5 v, vss=-5 v, vgnd=o, vref=-6.4 v, rbias= lookn, 
test circuit shown. Ta = 25® C unless Full Temperature Range is specified. (-55*0 to +125°C for BN, ’"40®C to +85® C for CN 
package, 0® to 70® C for CJ package.)__ 


PARAMETER 

DEFINITION 

CONDITIONS 

MIN 

TYP 

CJ/CL 

MAX 

BL 

MAX 

UNITS 

Accuracy 

Resolution 

Accuracy 

BCD Word Length 

Of Digital Output 


3 1/2 
(1999 
Counts) 

~ 


- 

Digits 

Relative Accuracy 

Output Deviation From Straight 

Line Between Normalized 

Zero and Full-Scale Input 


~ 

~ 

0.025 

0.025 

% 

Differential 

Non-Linearity 

Deviation From 1 LSB 

Between Transition Points 


- 

- 

- 

0.025 

0.025°/ 

Differential 
Non-Linearity 
Temperature Drift 

Variation in Differential 
Non-Linearity Due To 

Temperature Change 

Full 

Temperature 

Range 

- 

±2.5 

±5 

±5 

ppm/°C 

Gain 

Variance 

Variation From Exact (Compen¬ 
sate By Trimming Rin or Rref) 


- 

±2 

±5 

±5 

% of 
Nominal 

Gain 

Temperature 

Drift 

Variation In A 

Due To 

Temperature Change 

Full 

Temperature 

Range 

- 

±25 

±75 

±80 

ppm/°C 

Zero Offset 

Correction at Zero Adjust to Give 
Zero Output When Input Is Zero 

IlN = 0 


±10 

±50 

±50 

mV 

Zero Temperature 

Drift 

Variation in Zero Offest Due to 
Temperature Change 

Full Temperature 
Range 

- 

±3 

±5 

±8 

ppm/®C 

Analog Inputs 

liN Full-Scale 

Full-Scale Analog Input Current 

To Achieve Specified Accuracy 


- 

10 

- 

- 

mA 

Iref 

(Note 1) 

Reference Current Input To 
Achieve Specified Accuracy 



-20 

- 

- 

mA 

Digital Inputs 

Vin”’ 

Logical “1” Input Threshold 

For Initiate Conversion Input 

Full Temperature 
Range 

3.5 

- 

- 

- 

V 


Logical “0” Input Threshold 

For Initiate Conversion Input 

Full Temperature 
Range 

- 

- 

1.5 

1.5 

V 

Digital Outputs 

Vout'"’ 

Logical “1” Output Voltage 

For Digits Out, Busy, and 

Data Valid Outputs 

Full Temp. Range 
louT = -10 /uA 
loUT = -500 /xA 

4.5 

- 

- 

- 

V 

Vout‘°’ 

Logical “0” Output Voltage 

For Digits Out, Busy, and 

Data Valid Outputs 

Full Temp. Range 
Vdd = 4.75 V 
louT = 500 fxA 

- 


0.4 

0.4 

V 

Dynamic 

Conversion Time 

Time Required to Perform One 
Complete A/D Conversion 

Full Temp. Range 

- 

10 

12 

12 

ms 

Conversion 

Rate in 

Free-Run Mode 


Vint conv = + 5 V 

84 

100 

- 

- 

Conv’ns 

per 

Second 

Minimum Pulse Width 
for Initiate Conversion 


Full Temp. Range 

500 

- 

- 

- 

ns 
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TSC8750 


3 1/2 Digit ADC 
w/Paraiiei BCD Output 

• 10 mS Conversion Time 

• Latched Outputs_ 


El6CtriC8l Ch3rdCt6ristiCS unless otherwise specified, Vdd = +5 V, Vss = 

= -5 V, Vgnd = 0, Vref = -6.4 V, Rbias 

= 100 kn. 

test circuit shown. Ta = 

25°C unless Full Temperature Range is specified. (-55° 

Cto +125° 

C for BN, -40° 

C to +85° 

C for CN 

package, 0° to 70° C for CJ package.) 










CJ/CL 

BL 


PARAMETER 

DEFINITION CONDITIONS 

MIN 

TYP 

MAX 

MAX 

UNITS 

Supply Current 







Idd Quiescent 
(N Package) 

(J Package) 

Current Required From Positive Full Temp. Range 

_ 

1.4 

2.5 

3.5 

mA 

Supply During Operation Vint conv = OV 

— 

1.4 

5.0 


mA 

Iss Quiescent 
(N Package) 

(J Package) 

Current Required From Negative Full Temp. Range 

_ 

- 1.6 

- 2.5 

- 3.5 

mA 

Supply During Operation Vinit conv = OV 

— 

- 1.6 

- 5.0 


mA 

Supply Sensitivity 

Change in Full-Scale Gain vs \/ m 

Supply Voltage Change Vdd ± 1V, Vss ±1 V 

- 

± 0.5 

± 1.0 

± 1.0 

%/V 

|Vdc^ =|Vss| = 5 V ± 1 V 

Change in Full-Scale Gain vs Supply 

Voltage Change for Tracking Supplies 

± 0.05 

± 0.1 

± 0.1 

± 0.1 

%/V 


NOTE: 


liN and Iref pins connect to the summing junction of an operational amplifier. 
Voltage sources cannot be attached directly but must be buffered by external 
resistors. See Test Circuit. 



Test Circuit _ 

O.lfiF 



Circuit Description 

During conversion the sum of a continuous current Iin and 
pulses of a reference current Iref is integrated for a fixed 
number of clock periods. Iin is proportional to the analog 
input voltage: Iref is switched in for exactly one clock per¬ 
iod just frequently enough to maintain the summing input 
of the integrator near zero. Thus, the charge from the con¬ 
tinuous Iin current is balanced against the pulses of Iref 
current. The total number of Iref pulses needed during the 


conversion period to maintain the charge balance is counted, 
and the result (in BCD) is latched into the outputs at the end 
of conversion. 

The converter contains two counters and a clock in addition 
to an operational amplifier, comparator, latching output 
buffers and housekeeping logic. One counter is a clock 
counter which (after a reset pulse) starts counting clock 
pulses: when the required count is reached, the clock coun¬ 
ter generates a pulse to start the end-of-conversion routine. 
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The other counter is a data counter, which is reset synchron¬ 
ously with the clock counter and counts the number of times 
the Iref current is switched into the summing input of the 
amplifier during the period defined by the clock counter. 

When the Initiate Conversion input is strobed with a positive 
signal, the busy line latches high and a 10 fis (times given 
are approximate) start up cycle begins. The integrating 
capacitor is discharged and both counters are reset during 
this start up period. Conversion begins at the end of the reset 
pulse and ends with a pulse generated either by the clock 


3 1/2 Digit ADC 
w/Paraiiei BCD Output 
• 10 mS Conversion Time 
_* Latched Outputs 


counter or by an overflow condition in the data counter. This 
pulse disables further inputs into both counters and triggers 
a 10 MS shutdown cycle. During the shutdown cycle Data 
Valid goes low for 5 fis. This binary sequence is shown in the 
timing diagrams. Busy is true high, and when the circuit 
is busy. Initiate conversion has no effect and may be high or 
low. Data Valid is also true high. The data from a conversion 
remain valid for as long as power is applied to the circuit or 
until Data Valid falls at the end of a subsequent conversion, 
at which time the output data are updated to reflect the latest 
conversion. 


Timing Diagrams (Rise, fan times = 200 ns typ., cl = 50 pp) 


CLOCKED MODE 



FREE-RUN MODE 




_^ 



\ _ / 

/ 



^daTa^ 

^CHANGjNG^ 




-CONVERSION TIME-- 

RECYCLE 
TIME — 
^2.5ais 



Pin Functions 
initiate Conversion input 

Accepts CMOS and most 5 V logic inputs. Applying a logic 
“T’to the Initiate Conversion pin initiates the A/D conversion 
cycle. Once conversion has been initiated, the cycle cannot 
be interrupted, and the Initiate Conversion pin is disabled 
until conversion is complete. Two modes of operation are 
permitted, clocked or free-running. For clocked operation 
the Initiate Conversion input is held at logic “0” for standby 
and taken to logic “1” when a conversion is desired. For free- 
running operation the Initiate Conversion pin is connected to 
Vdd or similar permanent logic “1” voltage. 

Busy Output 

A digital status output which is compatible with CMOS logic 
and low power TTL (can sink and source 500 /xA). A logic “1” 
output on the Busy pin indicates a conversion cycle is in 
process. A logic “1” to logic “0” transition indicates that con¬ 
version is complete and the result has been latched at the 
Digits Out pins. A logic “0” to logic “1” transition indicates a 


new conversion cycle has been initiated. If the device is 
operating in the free-running mode, the Busy output will 
remain low for approximately 2.5 ms, marking the completion 
and initiation of consecutive conversion cycles. 

Data Valid Output 

A digital status which iscompatible with CMOS logicand low 
power TTL (can sink and source 50 mA). A logic “1” output at 
the Data Valid pin indicates that the Digits Out pins are 
latched with the result of the last conversion cycle. The Data 
Valid output goes to logic “0” approximately 5 /xs before the 
completion of a conversion cycle. During this 5 ms interval 
new data is being transferred to the Digits Out pins, and the 
Digits Out are not valid. 

Digits Out 

(ones, tens, hundreds and thousand) 

The BCD digit outputs which are the result of the A/D con¬ 
version. These outputs are CMOS logic and low power TTL 
compatible. 
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3 1/2 Digit ADC 
w/Parallel BCD Output 

• 10 mS Conversion Time 

• Latched Outputs_ 


Applications information 
Input/Output Relationships 

The analog input voltage (Vin) is related to the output by the 
transfer equation: 

Digital Counts = V'M ‘ ^ • Rref 
Rin • Vref 

A = 4128 

where Digital Counts is the value of the BCD output word 
presented at Digits Out pins in response to Vin. 


The digital output code format is as follows: 


Analog 

Digital 

Input 

Output 

Vin < Full-Scale 

1100110011001 

= Full-Scale -1 LSB 

1100110011001 

= 1 LSB 

0 ... 000 ... 1 

< 0 

0 ... 000 ... 0 


External Component Selection 

Obtaining a high accuraccy conversion system depends on 
the voltage regulation of Vref and the thermal stability of Rin 
and Rref. The exact dependence is given by the transfer 
function. System accuracy also depends, to a lesser degree, 
on the voltage regulation of Vdd and Vss. The supply con¬ 
nections Vdd and Vss should have bypass capacitors of value 
0.1 juF or larger right at the device pins. 

Rin, Ref 

Values of these components are chosen to give a full-scale 
input current of approximately 10 )uA and a reference current 
of approximately -20 /uA. 

^ Vin Full-Scale ^ 

10 mA - 20 iuA 

Examples: 

RlN3_l^=1Mfi Rref s = 320kfl 

10 mA -20 mA 

Note that these values are approximations, and the exact 
relationships are defined by the transfer equation. In prac¬ 
tice, the value of Rin typically would be trimmed using the 
optional gain adjust circuit to obtain full-scale output at Vin 
Full-Scale (see adjustment procedure). Metal film resistors 
with 1% tolerance or better are recommended for high accu¬ 
racy applications because of their thermal stability and low 
noise generation. 

Rbias 

Specifications for the TSC8750 are based on Rbias = 100 kn 
±10% unless otherwise noted. However, there are instances 
when the designer may want to change this resistor in order 


to affect the conversion time and the supply current. By 
decreasing Rbias the A/D will convert much faster and the 
supply current will be higher. (For example: When Rbias is 
20 k the conversion time is reduced by 1/3, and the supply 
current will increase from 2 mA to 7 mA.) Likewise, if the 
Rbias is increased the conversion time will be longer and the 
supply current will be much lower. (For example: When Rbias 
= 1 mCl the conversion time will be six times longer, and the 
supply current is now reduced to .5 mA). For details of this 
relationship refer to AN-9 typical performance curves. 


Rdamp 


Exact value not critical but should have a nominal value of 
100 n ±10%. Locate close to pin 14. 

Cdamp 



Exact value not critical but should have a nominal value of 
270 pF ±20%. Locate close to pin 14. 


CiNT 

Exact value not critical but should have a nominal value of 
68 pF ±10%. Low leakage types are recommended, although 
mica or ceramic devices can be used in applications where 
their temperature limits are not exceeded. Locate as close as 
possible to pins 14, 15. 


Vref 

A negative reference voltage must be supplied. This may be 
obtained from a constant current source circuit or from the 
negative supply. 

Vdd, Vss 

Power supplies of ±5 V are recommended, with 0.05% line 
and load regulation and 0.1 /xF decoupling capacitors. 

Adjustment Procedure 

The test circuit diagram shows optional circuits for trimming 
the zero location and full-scale gain. Because the digital out¬ 
puts remain constant outside of the normal operating range 
(i.e. below zero and above full-scale), it is recommended that 
transition points be used in setting the zero and full-scale 
values. Recommended procedure is as follows: 

• Set the initiate conversion control high to provide free-run 
operation and verify that converter is operating. 

• Set Vin to ±1/2 LSB and trim the zero adjust circuit to 
obtain a 000 .. . 000 ... to 000 ... 001 transition. This will 
correctly locate the zero end. 

• For full-scale adjustment, set Vin to the full-scale value 
less 1 1/2 LSB and trim the gain adjust circuit for 

a 1100110011000 to 1100110011001 transition. 

If adjustments are performed in this order, there should be no 
interaction and they should not have to be repeated. 
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3 1/2 Digit ADC 
w/Paraiiei BCD Output 
• 10 mS Conversion Time 
_• Latched Outputs 


Application/Design Circuits 
3 1/2 Digit A/D with LCD Display 



Bipolar Operation (+ and - Inputs) 
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3 1/2 Digit ADC 
w/Paraiiei BCD Output 

• 10 mS Conversion Time 

• Lat* ad Outputs_ 


Microprocessor-Based ADC System 



Package information 


(Package #12) 

24-Pin Plastic Dip (J Package) 
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TSC14433A 
3 1/2 Digit ADC 
• ±1 Count Rollover Error 
• Low Power 


General Description 


Features 


The TSC14433A is a monolithic CMOS 3 1/2 digit A/D con¬ 
verter which features improved performance over the indus¬ 
try standard TSC14433. Rollover, which is the measurement 
of an idencital positive and negative signal is guaranteed to 
have the same reading within one count. The output drive 
current is increased and is fully compatible to drive TTL loads 
and conforms to standard B-Series CMOS. The power con¬ 
sumption at 4 mW is approximately one-half of the TSC14433. 
The TSC14433A combines both analog and digital circuits on 
a single IC, thus minimizing the number of external compo¬ 
nents. This dual slope A/D converter provides automatic 
polarity and zero correction with the addition of two external 
resistors and two capacitors. The full-scale voltage range of 
this ratiometric IC extends from 199.9 millivolts to 1.999 volts. 
The TSC14433A can operate over a wide range of power sup¬ 
ply voltages including batteries and standard 5 volt supplies. 


• Rollover: ± 1 Count 

• Standard B-Series CMOS Outputs — Drives One Standard 
TTL Load 

• Low Power Consumption: 4 mW Typical @ ±5.0 V 

• Overrange and Underrange Signals Available 

• Operates in Auto Ranging Circuits 

• Accuracy: ±0.05% of Reading ±1 Count 

• Two Voltage Ranges: 1.999 V and 199.9 mV 

• Up to 25 Conversions Per Second 

• ZiN > 1000 M Ohm 

• Auto-Polarity and Auto-Zero 

• Single Positive Voltage Reference 

• Uses On-chip System Clock or External Clock 

• Wide Supply Range: e.g., ±4.5 V to ±8.0 V 

• Operates With LED and LCD Displays 

• Low External Component Count 



The TSC14433A will interface with the TSC7211A (LCD), 
TSC7212A (LED) and TSC700A (high LED current drive) 
display drivers. 

HANDLING PRECAUTIONS: These devices are CMOS and 
must be handled correctly to prevent damage. Package and 
store only in conductive foam, anti-static handling proce¬ 
dures. Do not connect in circuits under “power on” conditions, 
as high transients may cause permanent damage. 

Block Diagram 


Applications 

• Portable Instruments 

• Digital Voltmeters 

• Digital Panel Meters 

• Digital Scales 

• Digital Thermometers 

• Remote A/D Sensing Systems 

• MPU Systems 

• See Application Notes 19 and 21 
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TSC14433A 


3 1/2 Digit ADC 
• Low Power 
• ±1 Count Rollover Error 


Absolute Maximum Ratings 


RATING 

SYMBOL 

VALUE 

UNIT 

DC Supply Voltage 

Vdd to 

Vee 

-0.5 to 
+18 Vdc 

Vdc 

Voltage, Any Pin, 
Referenced Vee 

V 

-0.5 to 
Vdd +0.5 

Vdc 

DC Current 

Drain Per Pin 

1 

10 

mAdc 

Operating Tempera¬ 
ture Range 

Ta 

-40 to +85 

°C 

Storage Tempera¬ 
ture Range 

Tstg 

-65 to +150 

°C 


Recommended Operating Conditions 

(Vss = 0 or Vee)_ 


PARAMETER SYMBOL 

VALUE 

UNIT 

DC Supply Voltage — 




Vdd to Analog Ground 

Vdd 

+5.0 to +8.0 

Vdc 

Vee to Analog Ground 

Vee 

o 

00 

1 

o 

CO 

c\i 

1 


Clock Frequency 

fCLK 

32 to 400 

kHz 

Zero Offset 

Correction Capacitor 

Co 

0.1 ±20% 

mF 


Note: This device contains circuitry to protect the inputs against damage due 
to high static voltages or electric fields; however, it is advised that normal pre¬ 
cautions be taken to avoid application of any voltage higher than maximum 
rated voltages to this high impedance circuit. For proper operation it is re¬ 
commended that ViN and Vout be constrained to the range Vee S (Vin or Vout) 
^ Vdd. 


Electrical Characteristics: (Ci=o.iMFmyiar, ri= 47 o kn@VREF=2.000v,Ri= 27 kn@VREF= 2 oo.omv.co=o.i 

Rc = 300 kO; all voltages referenced to Analog Ground, pin 1.)__ 




Vdd 

Vee 

-40® C 


25® C 



85® C 


CHARACTERISTIC 

SYMBOL 

< 

Q. 

O 

Vdc 

MIN MAX 

MIN 

TYP 

MAX 

MIN 

MAX 

UNIT 

Rollover Error (Difference 
in reading for equal positive 
and negative reading near 

Full-Scale) 

-Vin = +Vin: 200 mV Full-Scale 

- 



- ~ 

-1 

- 

+1 

- 

- 

Cnts 

Output Current ~ Pins 14 to 23 











(Vss = OV) 











(VoH = 4.6 V) Source 

lOH 

5.0 

-5.0 

-0.25 — 

-0.2 

-0.36 

— 

-0.16 

— 

mA 

(VoL = 0.4 V) Sink 
(Vss = -5.0 V) 

lOL 

5.0 

-5.0 

1.6 - 

1.6 

3.2 

— 

1.6 

— 

mA 

(VoH = 4.5 V) Source 

lOH 

5.0 

-5.0 

-0.62 - 

-0.5 

-0.9 

— 

-0.35 

— 

mA 

(Vol = -4.5 V) Sink 

lOL 

5.0 

-5.0 

1.6 — 

1.6 

5.50 

— 

1.6 

— 

mA 

Linearity Output Reading (Note 1) 

— 










(Vref = 2.000 V) 


5.0 

-5.0 

— — 

-0.05 

+0.05 

+0.05 

— 

— 

%rdg 

(Vref = 200.0 mV) 


5.0 

-5.0 

— — ' 

-1 count 

— +1 count 

— 

— 


Stability Output Reading (Note 2) 

— 










(Vx = 1.990 V, Vref = 2.000 V) 

(Vx = 199.0 mV, 


5.0 

-5.0 

— — 

— 

— 

2 

— 

— 

LSD 

Vref = 200.0 mV) 


5.0 

-5.0 

— — 

— 

— 

3 

— 

— 

LSD 

Zero Output Reading 
(Vx = 0 V, Vref = 2.000 V) 

Bias Current — 

— 

5.0 

-5.0 

— — 

— 

0 

0 

— 

— 

LSD 

Analog Input 

— 

5.0 

-5.0 

— — 

— 

± 20 

± 100 

— 

— 

pA 

Reference Input 


5.0 

-5.0 

— — 

— 

±20 

± 100 

— 

— 

pA 

Analog Ground 


5.0 

-5.0 

— — 

— 

± 20 

±500 

— 

— 

pA 

Common-Mode Rejection 











(Vx = 1.4 V, Vref = 2.000 V, 
foe = 32 kHz) 


5.0 

-5.0 

— — 

— 

65 

— 



dB 

Output Voltage — Pins 14 to 23 











(Vss = 0 V) “0” Level 

VoL 

5.0 

-5.0 

— 0.05 


0 

0.05 

— 

0.05 

V 

"1” Level 

VoH 

5.0 

-5.0 

4.95 — 

4.95 

5.0 

— 

4.95 

— 

V 

(Vss = -5.0 V) “0” Level 

VoL 

5.0 

-5.0 

— -4.95 

— 

-5.0 

-4.95 

— 

-4.95 

V 

“1” Level 

VoH 

5.0 

-5.0 

4.95 ~ 

4.95 

5.0 

— 

4.95 

— 

V 

Clock Frequency (Rc = 300 kfi) 

fCLK 

5.0 

-5.0 

- - 

- 

66 

- 

- 

- 

kHz 

Input Current — DU 

Idu 

5.0 

-5.0 

— ±0.3 

- 

±0.00001 

±0.3 

- 

±1.0 

mA 

Quiescent Current 

Iq 

5.0 

-5.0 

— 3.7 

_ 

0.4 

2.0 

_ 

1.6 

mA 

(Vdd to Vee, Iss = 0) 


8.0 

-8.0 

— 7.4 

— 

1.4 

4.0 

— 

3.2 

mA 

Supply Rejection 











(Vdd to Vee, Iss = 0, 

Vref = 2.000 V) 


5.0 

-5.0 

— 

— 

0.5 


■ 

■ — 

mV/V 

Note: 











1. Accuracy — The accuracy of the meter at full-scale is the accuracy of the 

zero is defined as the linearity specification. 




setting of the reference voltage. Zero is recalculated during each conver- 

2. Three LSD stability for 200 mV scale is defined as the range that the LSD will 

Sion cycle. The meaningful specification is linearity. In other words, the 

occupy 95% of the time. 





deviation from correct reading for ail inputs otherthan positive full-scale and 

3. Pin numbers refer to 24-Pin DIP. 
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3 1/2 Digit ADC 

• Low Power 

• ±1 Count Rollover Error 


TSC14433A 


Pin Description 

PIN NO. 

PIN NO. 



60-Pin 

24-Pin 

SYMBOL 

DESCRIPTION 

FP 

DIP 



7 

1 

Vag 

This is the Analog Ground. It has a high input impedance. This pin determines the 


reference level for the unknown input voltage (Vx) and the reference voltage (Vref). 




Reference voltage. Full-scale output is equal to the voltage applied to Vref. Therefore, 

10 

2 

Vref 

full-scale voltage of 1.999 V requires 2.000 V reference and 199.9 mV full-scale requires a 


200 mV reference. Vref functions as system reset, also. When switched to Vee the 
system is reset to the beginning of the conversion cycle. 



12 

3 

Vx 

The Unknown Input Voltage (Vx) is measured as a ratio of the reference voltage (Vref) 


in a ratio-metric A/D conversion. 

19 

4 

Ri 

These pins are for external components used for the integration function in the dual slope 


conversion. Typical values are 0.1 /uF (mylar) capacitor for Ci. 

22 

5 

Ri/Ci 

Ri = 470 kn (resistor) for 2.0 V full-scale. 

24 

6 

Cl 

Ri = 27 kn (resistor) for 200 mV full-scale. 

Clock frequency of 66 kHz gives 250 ms conversion time. See equation below for 
calculation of integrator component values. 

25 

7 

C0i 

These pins are used for connecting the offset correction capacitor. The recommended 

26 

8 

CO 2 

value is 0.1 fxF. 




Display Update input pin. When DU is connected to the EOC output every conver¬ 
sion is displayed. 

27 

9 

DU 

New data will be strobed Into the output latches during the conversion cycle if a positive 
edge is received on DU prior to the ramp-down cycle. When this pin is driven from an 
external source, the voltage should be referenced to Vss. 

34 

10 

CLKi 

Clock input pins. The TSC14433 has its own oscillator system clock. Connecting a single 
resistor between CLKi and CLKo sets the clock frequency. 

36 

11 

CLKo 

A crystal or LC circuit may be inserted in lieu of a resistor for improved stability. 

CLKi, the clock input, can be driven from an external clock source, which need only 
have standard CMOS output drive. This pin is referenced to Vee for external clock inputs. 
A 300 kn resistor yields a clock frequency of about 66 kHz. (See typical characteristic 
curves). (See Figure 9 for alternate circuits). 




Negative Power Supply. Connection pin for the most negative supply. Please note the 

37 

12 

Vee 

current for the output drive circuit is returned through Vss. Typical supply current 
is 0.8 mA. 

39 

13 

Vss 

Negative Power Supply for Output Circuitry. This pin sets the low voltage level for the 
output pins (BCD, Digit Selects, EOC, OR). When connected to analog ground, the output 
voltage is from analog ground to Vdd. If connected to Vee, the output swing is from Vee 
to Vdd. The recommended operating range for Vss is between Vdd -3.0 volts and Vee. 




40 

14 

EOC 

End of Conversion output generates a pulse at the end of each conversion cycle. 

This generated pulse width is equal to one half the period of the system clock. 

41 

15 

OR 

Overrange pin. Normally this pin is set high. When Vx exceeds Vref the OR pin is low. 

49 

16 

DS 4 

Digit Select pins. The digit select output goes high when the respective digit is selected. 
The MSD (1/2 digit) turns on immediately after an EOC pulse. 

51 

17 

DS 3 

The remaining digits turn on in sequence from MSD to LSD. 

52 

18 

DS2 

To ensure that the BCD data has settled, an inter-digit bianking time of two clock periods is 
included. 

54 

19 

DSi 

Clock frequency divided by 80 equals multiplex rate. For example a system clock of 66 kHz 
gives a multiplex rate of 0.8 kHz. 

5 

20 

Qo 

See Figure 12 for Digit Select Timing Diagram. 

4 

21 

Qi 

BCD Data Output pins. Multiplexed BCD outputs contain 3 full digits of information 


during digit select DS2, 3, 4. 

57 

22 

02 

During DSI, the 1/2 digit, overrange, underrange and polarity information is available. 

55 

23 

Q 3 

Refer to Truth Table. 

6 

24 

Vdd 

Positive Power Supply. This is the most positive power supply pin. 
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3 1/2 Digit ADC 
• Low Power 

TSC14433A • ±1 Count Rollover Error 


Ordering Information 




Temperature 

Part No. 

Package 

Range 

TSC14433ACJ 

24-Pin Plastic Dip 

-40°Cto +85° C 

TSC14433ACL 

24-Pin CerDIP 

-40°Cto +85° C 


60-Pin Plastic 


TSC14433ACBQ 

Flat Package: 

Formed Leads 

-40°Cto +85° C 


Part No. 

Package 

Temperature 

Range 


60-Pin Plastic 


TSC14433ACSQ 

Flat Package: 
Unformed Leads 

-40° C to+85° C 

Devices with 160 Hour, +125° 

C Burn-in 

TSC14433ACJ/BI 

24-Pin Plastic Dip 

-40° C to +85° C 

TSC14433ACL/BI 

24-Pin CerDIP 

-40° C to +85°C 


Pin Configuration 



Ri 


Vx(max) 


Cl AV 

AV = Vdd -Vx (max) -0.5 
1 


T= 4000 X 


fCLK 


Where 
Ri is in kn 

Vdd is the voltage at pin 24 referenced 
to Vag 

Vx is the voltage at pin 3 referenced 
to Vag 

fcLK is the clock frequency at pin 10 
in kHz 


o o o o 


IfiC o 3 UJ J O 

lo y > W > O Z 



1. NC = NO INTERNAL CONNECTION 

2. PINS 8, 23, 38 AND 53 ARE CONNECTED TO THE DIE 
SUBSTRATE. THE POTENTIAL AT THESE PINS IS 
APPROXIMATELY V+. NO EXTERNAL CONNECTIONS 
SHOULD BE MADE. 
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TSC14433A 


3 1/2 Digit ADC 

• Low Power 

• ±1 Count Rollover Error 


Typical Applications 

TSC7212A Interface to TSC14433A 3 1/2 Digit ADC. 
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TSC14433A 


Package Information 


(Package #12) 
24-Pin Plastic DIP 


3 1/2 Digit ADC 
• Low Power 
• ±1 Count Rollover Error 


(Package #14) 
24-Pin CerDIP 






J L_^ 


/ICEHr 




Q^o_o 

6,120 0,110 
0,090 


11 ° ♦ ♦ 


4.® J L ■ JL 


(Package #21) 
60-Pin Flat Package 
Formed Leads 


.054 ± .004 
.047 ± .004 


K15 ° max 

'trir 

± .002 


(Package #22) 
60-Pin Flat Package 
Unformed Leads 


A 


± _ 
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TELEDYNE 

SEMICONDUCTOR 


TSC14433B 
3 1/2 Digit ADC 
• Low Cost 
• Multiplexed BCD Data 
• ±4 Count Rollover Error 


General Description 


Features 


The TSC14433B is a monolithic CMOS 3 1/2 digit A/D con¬ 
verter. This low cost electrical version is ideal in systems 
where optimum rollover performance is not required. The 
TSC14433B combines both analog and digital circuits on a 
single 1C, thus minimizing the number of external compo¬ 
nents. This dual slope A/D converter provides automatic 
polarity and zero correction with the addition of two external 
resistors and two capacitors. The full scale voltage range of 
this ratiometric 1C extends from 199.9 millivolts to 1.999 
volts. The TSC14433B can operate over a wide range of 
power supply voltages including batteries and standard 5 
volt supplies. 

The TSC14433B will interface with the TSC7211A (LCD), 
TSC7212A (LED) and TSC700A (high LED current drive) 
display drivers. 

HANDLING PRECAUTIONS: These devices are CMOS and 
must be handled correctly to prevent damage. Package and 
store only In conductive foam, anti-static handling proce¬ 
dures. Do not connect in circuits under “power on” condi¬ 
tions, as high transients may cause permanent damage. 


Low Cost 

Available in Compact Flat Package 
Rollover: ± 4 Count 

Low Power Consumption: 4 mW Typical @ ± 5.0 V 

Overrange and Underrange Signals Available 

Operates in Auto Ranging Circuits 

Accuracy: ± 0.05% of Reading ± 1 Count 

Two Voltage Ranges: 1.999 V and 199.9 mV 

Up to 25 Conversions Per Second 

ZiN > 1000 M Ohm 

Auto-Polarity and Auto-Zero 

Uses On-chip System Clock or External Clock 

Wide Supply Range: e.g., ± 4.5 V to ± 8.0 V 

Operates With LED, LCD, Vacuum Fluorescent Displays 



Applications 

• Portable Instruments 

• Digital Voltmeters 

• Digital Panel Meters 

• Digital Scales 

• Digital Thermometers 

• Remote A/D Sensing Systems 

• MPU Systems 

• See Application Notes 19 and 21 


Block Diagram 


20-23 
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TSC14433B 


Absolute Maximum Ratings 


RATING 

SYMBOL 

VALUE 

UNIT 

DC Supply Voltage 

o 

O til 

Q 111 
>> 

-0.5 to 
+18 Vdc 

Vdc 

Voltage, Any Pin, 
Referenced Vee 

V 

-0.5 to 
Vdd +0.5 

Vdc 

DC Current 

Drain Per Pin 

1 

10 

mAdc 

Operating Tempera¬ 
ture Range 

Ta 

-40 to +85 

®C 

Storage Tempera¬ 
ture Range 

Tstg 

-65 to +150 

®C 


3 1/2 Digit CMOS 
• Low Cost 
• Multiplexed BCD Data 
• ±4 Count Rollover Error 


Recommended Operating Conditions 

(Vss = 0 or Vee)_ 


PARAMETER SYMBOL 

VALUE 

UNIT 

DC Supply Voltage — 




Vdd to Analog Ground 

Vdd 

+5.0 to +8.0 

Vdc 

Vee to Analog Ground 

Vee 

-2.8 to -8.0 


Clock Frequency 

fCLK 

32 to 400 

kHz 

Zero Offset 

Correction Capacitor 

Co 

0.1 ±20% 

mF 


Note: This device contains circuitry to protect the inputs against damage due 
to high static voitages or eiectric fieids; however, it is advised that normai pre¬ 
cautions be taken to avoid application of any voltage higher than maximum 
rated voltages to this high impedance circuit. For proper operation it is re¬ 
commended that ViN and Vout be constrained to the range Vee ^ (Vin or Vout) 
< Vdd. 


Electrical Characteristics: (Ci = o.i mf myiar, ri = 470 kn @ vref=2.000 v, ri= 27 kn @ vref= 200.0 mv. co=0.1 

Rc = 300 kH; all voltages referenced to Analog Ground, pin 1.)__ 




Vdd 

lU 

-40® 

C 


25® C 



85® C 


CHARACTERISTIC 

SYMBOL 

Vdc 

Vdc 

MIN 

MAX 

MIN 

TYP 

MAX 

MIN 

MAX 

UNIT 

Rollover Error (Difference 
in reading for equal positive 
and negative reading near 

Full-Scale) 

-ViN = +Vin: 200 mV Full-Scale 

- 



- 

- 

-4 

- 

+4 

- 

- 

counts 

Output Current — Pins 14 to 23 












(Vss = OV) 












(VoH = 4.6 V) Source 

I OH 

5.0 

-5.0 

-0.25 

— 

-0.2 

-0.36 

— 

-0.16 

— 

mA 

(VoL = 0.4 V) Sink 
(Vss = -5.0 V) 

lOL 

5.0 

-5.0 

0.64 

— 

0.51 

0.88 

— 

0.36 


mA 

(VoH = 4.5 V) Source 

lOH 

5.0 

-5.0 

-0.52 

— 

-0.5 

-0.9 

— 

-0.35 

— 

mA 

(VoL = -4.5 V) Sink 

lOL 

5.0 

-5.0 

1.3 

— 

1.3 

2.25 

— 

0.9 

— 

mA 

Linearity Output Reading (Note 1) 












(Vref = 2.000 V) 

— 

5.0 

-5.0 

— 

— 

-0.05- 


+0.05+ 

— 

— 

%rdg 

(Vref = 200.0 mV) 


5.0 

-5.0 

— 

— 

1 ent 

±0.05 

1 ent 

— 

— 

%rdg 

Stability Output Reading (Note 2) 












(Vx = 1.990 V, Vref = 2.000 V) 

(Vx = 199.0 mV, 

_ 

5.0 

-5.0 

— 

— 

— 

— 

2 

— 


LSD 

Vref = 200.0 mV) 


5.0 

-5.0 

— 

— 

— 

— 

3 

— 

— 

LSD 

Zero Output Reading 
(Vx = 0 V. Vref = 2.000 V) 

Bias Current — 

— 

5.0 

-5.0 

— 

— 

— 

0 

0 



LSD 

Analog Input 

— 

5.0 

-5.0 

— 

— 

— 

± 20 

± 100 

— 

— 

pA 

Reference Input 


5.0 

-5.0 

— 

— 

— 

±20 

± 100 

— 

— 

pA 

Analog Ground 


5.0 

-5.0 


— 

— 

±20 

±500 

— 

— 

pA 

Common-Mode Rejection 












(Vx=1.4 V, Vref = 2.000 V, 
foe = 32 kHz) 


5.0 

-5.0 


— 


65 




dB 

Output Voltage — Pins 14 to 23 












(Vss = 0 V) "0” Level 

VOL 

5.0 

-5.0 

— 

0.05 

— 

0 

0.05 

— 

0.05 

V 

"1" Level 

VOH 

5.0 

-5.0 

4.95 

— 

4.95 

5.0 

— 

4.95 

— 

V 

(Vss = -5.0 V) “0" Level 

VOL 

5.0 

-5.0 

— 

-4.95 

— 

-5.0 

-4.95 

— 

-4.95 

V 

"1" Level 

VOH 

5.0 

-5.0 

4.95 

— 

4.95 

5.0 

— 

4.95 

— 

V 

Clock Frequency (Rc = 300 kn) 

fCLK 

5.0 

-5.0 

- 

- 

- 

66 

- 

- 

- 

kHz 

Input Current — DU 

Idu 



- 

±0.3 

- 

±0.00001 

±0.3 

- 

±1.0 

mA 

Quiescent Current 

IQ 

5.0 

-5.0 

— 

3.7 

— 

0.4 



1.6 

mA 

(Vdd to Vee, Iss = 0) 

8.0 

-8.0 

— 

7.4 

— 

1.4 


— 

3.2 

mA 


Supply Rejection 


(Vdd to Vee, Iss = 0, — 5.0 -5.0 

Vref = 2.000 V) 

> 

> 

E 

1 

1 

1 

>o 

o 

1 

1 

1 

Note: 

1. Accuracy — The accuracy of the meter at full-scale is the accuracy of the 
setting of the reference voltage. Zero is recalculated during each conver¬ 
sion cycle. The meaningful specification is linearity. In other words, the 

deviation from correct reading for all Inputs other than positive full-scale and 
zero is defined as the linearity specification. 

2. Three LSD stability for 200 mV scale Is defined as the range that the LSD will 
occupy 95% of the time. 
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3 1/2 Digit CMOS 

• Low Cost 

• Multiplexed BCD Data 

• ±4 Count Rollover Error TSC14433B 


Pin Description 


PIN NO. 

PIN NO. 



60-Pin 

24-Pin 

SYMBOL 

DESCRIPTION 

FP 

DIP 



7 

1 

Vag 

This is the Analog Ground. It has a high input impedance. This pin determines the 


reference level for the unknown input voltage (Vx) and the reference voltage (Vref). 




Reference voltage. Full-scale output is equal to the voltage applied to Vref. Therefore, 

10 

2 

Vref 

full-scale voltage of 1.999 V requires 2.000 V reference and 199.9 mV full-scale requires a 


200 mV reference. Vref functions as system reset, also. When switched to Vee the 
system is reset to the beginning of the conversion cycle. 



12 

3 

Vx 

The Unknown Input Voltage (Vx) is measured as a ratio of the reference voltage (Vref) 
in a ratio-metric A/D conversion. 

19 

4 

Ri 

These pins are for external components used for the integration function in the dual slope 


conversion. Typical values are 0.1 /uF (mylar) capacitor for Ci. 

22 

5 

Ri/Ci 

Ri = 470 kn (resistor) for 2.0 V full-scale. 

24 

6 

Cl 

Ri = 27 kn (resistor) for 200 mV full-scale. 

Clock frequency of 66 kHz gives 250 ms conversion time. See equation below for 
calculation of integrator component values. 

25 

7 

COi 

These pins are used for connecting the offset correction capacitor. The recommended 

26 

8 

CO 2 

value is 0.1 /xF. 




Display Update input pin. When DU is connected to the EOC output every conver¬ 
sion is displayed. 

27 

9 

DU 

New data will be strobed into the output latches during the conversion cycle if a positive 
edge is received on DU prior to the ramp-down cycle. When this pin is driven from an 
external source, the voltage should be referenced to Vss- 

34 

10 

CLKi 

Clock input pins. The TSC14433 has its own oscillator system clock. Connecting a single 
resistor between CLKi and CLKo sets the clock frequency. 

36 

11 

CLKo 

A crystal or LC circuit may be inserted in lieu of a resistor for improved stability. 

CLKi, the clock input, can be driven from an external clock source, which need only 
have standard CMOS output drive. This pin is referenced to Vee for external clock inputs. 
A 300 kn resistor yields a clock frequency of about 66 kHz. (See typical characteristic 
curves). (See Figure 9 for alternate circuits). 




Negative Power Supply. Connection pin for the most negative supply. Please note the 

37 

12 

Vee 

current for the output drive circuit is returned through Vss- Typical supply current 
is 0.8 mA. 

39 

13 

Vss 

Negative Power Supply for Output Circuitry. This pin sets the low voltage level for the 
output pins (BCD, Digit Selects, EOC, OR). When connected toanalog ground, the output 
voltage is from analog ground to Vdd. If connected to Vee, the output swing is from Vee 
to Vdd. The recommended operating range for Vss is between Vdd -3.0 volts and Vee. 




40 

14 

EOC 

End of Conversion output generates a pulse at the end of each conversion cycle. 

This generated pulse width is equal to one half the period of the system clock. 

41 

15 

OR 

Overrange pin. Normally this pin is set high. When Vx exceeds Vref the OR pin is low. 

49 

16 

DS 4 

Digit Select pins. The digit select output goes high when the respective digit is selected. 
The MSD (1/2 digit) turns on immediately after an EOC pulse. 

51 

17 

DS3 

The remaining digits turn on in sequence from MSD to LSD. 

52 

18 

DS2 

T 0 ensure that the BCD data has settled, an inter-digit blanking time of two clock periods is 
included. 

54 

19 

DSi 

Clock frequency divided by 80 equals multiplex rate. For example a system clock of 66 kHz 
gives a multiplex rate of 0.8 kHz. 

5 

20 

Qo 

See Figure 12 for Digit Select Timing Diagram. 

4 

21 

Qi 

BCD Data Output pins. Multiplexed BCD outputs contain 3 full digits of information 
during digit select DS2, 3, 4. 

57 

22 

02 

During DSI, the 1/2 digit, overrange, underrange and polarity information is available. 

55 

23 

03 

Refer to Truth Table. 

6 

24 

Vdd 

Positive Power Supply. This is the most positive power supply pin. 
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3 1/2 Digit CMOS 
• Low Cost 
• Multiplexed BCD Data 

TSC14433B • ±4 Count Rollover Error 


Ordering Information 


Part No. 

Package 

Temperature 

Range 

Part No. 

Package 

Temperature 

Range 

TSC14433BCL 

24-pln CerDIP 

-40 to +85° C 

TSC14433BCSQ 

60-Pin Plastic 

Flat Package: 
Unformed Leads 

-40 to +85° C 

TSC14433BCJ 

24-pin Piastic Dip 

-40 to +85° C 


60-Pin Plastic 

Flat Package: 




TSC14433BCBQ 

-40 to +85° C 





Formed Leads 


Pin Configuration 



R1 = 


Vx(max) X — 
Cl AV 


AV = Vdd -Vx (max) -0.5 

T= 4000 X - j - 
fCLK 


Where 
Ri is in kn 

Vdd is the voltage at pin 24 referenced 
to Vag 

Vx is the voltage at pin 3 referenced 
to Vag 

fcLK is the clock frequency at pin 10 
in kHz 



NOTES; 

1. NC = NO INTERNAL CONNECTION 

2. PINS 8, 23, 38 AND 53 ARE CONNECTED TO THE DIE 
SUBSTRATE. THE POTENTIAL AT THESE PINS IS 
APPROXIMATELY V+ NO EXTERNAL CONNECTIONS 
SHOULD BE MADE. 
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3 1/2 Digit CMOS 

• Low Cost 

• Multiplexed BCD Data 

• ±4 Count Rollover Error 


TSC14433B 


Typical Applications 


TSC7212A Interface to TSC14433B 3 1/2 Digit ADC. 


+5V 

^24k:> 1,2 V if 

.aa£w.TSC94gicj 

A 



I lOOkf) J 

N 3 

0.5V 

I 

24 f 2 \ 

h V 

16 

v+ 

"ref' u 


_d,A -"CC 1 



TSC7212A 
LED DISPLAY 
DRIVER A2 


+1 


MONSANTO 
MAN 6630 


TSC14433B 
3 1/2 DIGIT 
A/D CONVERTER 


DISPLAY 
FLASHES ON . 
OVERRANGE 


D3 “ D(2) 
E3 — E(1) 
F3 - 12 - F(18) 
G3 jiii. G(17) 


MONSANTO 
MAN 6610 
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3 1/2 Digit CMOS 
• Low Cost 
• Multiplexed BCD Data 
• ±4 Count Rollover Error 


(Package #14) 
24-Pin CerDIP 



(Package #22) 
60-Pin Fiat Package 
Unformed Leads 
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TSC14433 
3 1/2 Digit ADC 


Multiplexed BCD Data 
• Low Power 


General Description 


Features 


The TSC14433 is a low power, high-performance, monolithic 
CMOS 3 1/2 digit A/D converter. The TSC14433 combines 
both analog and digital circuits on a single IC, thus minimiz¬ 
ing the number of external components. This dual slope A/D 
converter provides automatic polarity and zero correction 
with the addition of two external resistors and two capacitors. 
The fuil-scale voltage range of this ratiometric IC extends 
from 199.9 millivolts to 1.999 volts. The TSC14433B can 
operate over a wide range of power supply voltages including 
batteries and standard 5 volt supplies. 

The high impedance MOS analog inputs are well suited for 
applications using current, resistance or voltmeters. The out¬ 
put drive is compatibie with low power Schottky TTL loads 
and conforms to standard B-series CMOS. 

The TSC14433 will interface with the TSC7211A (LCD), 
TSC7212A (LED) and TSC700A (high LED current drive) 
display drivers. 

HANDLING PRECAUTIONS: These devices are CMOS and 
must be handled correctly to prevent damage. Package and 
store only in conductive foam, anti-static handling proce¬ 
dures. Do not connect in circuits under “power on” condi¬ 
tions, as high transients may cause permanent damage. 


Block Diagram 


• Accuracy: ±0.05% of Reading ±1 Count 

• Two Voltage Ranges: 1.999 V and 199.9 mV 

• Up to 25 Conversions Per Second 

• ZiN > 1000 M Ohm 

• Single Positive Voitage Reference 

• Standard B-Series CMOS Outputs — Drives One Low 
Power Schottky load 

• Uses On-chIp System Clock, or External Clock 

• Low Power Consumption: 8.0 mW Typical @ ±5.0 V 

• Wide Supply Range: e.g., ±4.5 V to ±8.0 V 

• Overrange and Underrange Signals Available 

• Operates in Auto Ranging Circuits 

• Operates With LED and LCD Displays 

• Low External Component Count 

• Available in Compact Flat Package 

Applications 

• Portable Instruments 

• Digital Voltmeters 

• Digital Panel Meters 

• Digital Scales 

• Digital Thermometers 

• Remote A/D Sensing Systems 

• MPU Systems 

• See Application Notes 19 and 21 


20-23 
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Absolute Maximum Ratings 


RATING 

SYMBOL 

VALUE 

UNIT 

DC Supply Voltage 

Vdd to 

Vee 

-0.5 to 
+18 

Vdc 

Voltage, Any Pin, 
Referenced to Vee 

V 

-0.5 to 
Vdd +0.5 

Vdc 

DC Current 

Drain Per Pin 

1 

10 

mAdc 

Operating Tempera¬ 
ture Range 

Ta 

-40 to +85 

°C 

Storage Tempera¬ 
ture Range 

TsTG 

-65 to +150 

°C 


Recommended Operating Conditions 

(Vss = 0 or Vee)__ 


PARAMETER SYMBOL 

VALUE 

UNIT 

DC Supply Voltage — 




Vdd to Analog Ground 

Vdd 

+5.0 to +8.0 

Vdc 

Vee to Analog Ground 

Vee 

o 

00 

1 

o 

00 

cvi 

1 


Clock Frequency 

fCLK 

32 to 400 

kHz 

Zero Offset 

Correction Capacitor 

Co 

0.1 ±20% 

mF 


Note: This device contains circuitry to protect the inputs against damage due 
to high static voltages or electric fields; however, it is advised that normal pre¬ 
cautions be taken to avoid application of any voltage higher than maximum 
rated voltages to this high impedance circuit. For proper operation it is recom¬ 
mended that ViN and Vqut be constrained to the range Vee ^ (Vin or Vout) 
S Vdd. 


Electrical Characteristics: (Ci=o.i)uFmyiar,Ri=470kn@VREF=2.ooov,Ri=27kn@VREF=2oo.omv,co=o.i mf, 


Rc = 300 kO; all voltages referenced to Analog Ground, pin 1.) 



Vdd 

< 

m 

m 

-40° C 



25° C 



85° C 


CHARACTERISTIC 

SYMBOL 

Vdc 

Vdc 

MIN 

MAX 

MIN 

TYP 

MAX 

MIN 

MAX 

UNIT 

Linearity Output Reading (Note 1) 

— . 











(Vref = 2.000 V) 


5.0 

-5.0 

— 

— 

-0.05 

+0.05 

+0.05 

— 

— 

%rdg 

(Vref = 200.0 mV) 


5.0 

-5.0 

— 

— ■ 

-1 count 

— +1 count 

— 

— 


Stability Output Reading (Note 2) 

— 











(Vx = 1.990 V, Vref = 2.000 V) 

(Vx = 199.0 mV, 


5.0 

-5.0 

— 

— 

— 

— 

2 

— 

— 

LSD 

Vref = 200.0 mV) 


5.0 

-5.0 

— 

— 

— 

— 

3 

— 

— 

LSD 

Zero Output Reading 
(Vx = 0 V, Vref = 2.000 V) 

Bias Current — 

■ — 

5.0 

-5.0 

— 

— 

— 

0 

0 

, 


LSD 

Analog Input 

— 

5.0 

-5.0 

— 

— 

— 

±20 

± 100 

— 

— 

pA 

Reference Input 


5.0 

-5.0 

— 

— 

— 

±20 

± 100 

— 

— 

pA 

Analog Ground 


5.0 

-5.0 

— 

— 

— 

±20 

±500 

— 

— 

pA 

Common-Mode Rejection 












(Vx = 1.4 V, Vref = 2.000 V, 
foe = 32 kHz) 


5.0 

-5.0 




65 




dB 

Output Voltage — Pins 14 to 23 












(Vss = 0 V) “0” Level 

VoL 

5.0 

-5.0 

— 

0.05 

— 

0 

0.05 

— 

0.05 

V 

"1” Level 

VoH 

5.0 

-5.0 

4.95 

— 

4.95 

5.0 

— 

4.95 

— 

V 

(Vss = -5.0 V) "0” Level 

VOL 

5.0 

-5.0 

— 

-4.95 

— 

-5.0 

-4.95 

— 

-4.95 

V 

"1” Level 

VoH 

5.0 

-5.0 

4.95 

— 

4.95 

5.0 

— 

4.95 

— 

V 

Output Current — Pins 14 to 23 












(Vss = OV) 












(VoH = 4.6 V) Source 

lOH 

5.0 

-5.0 

-0.25 

— 

-0.2 

-0.36 

— 

-0.14 

— 

mA 

(VoL = 0.4 V) Sink 
(Vss = -5.0 V) 

lOL 

5.0 

-5.0 

0.64 

— 

0.51 

0.88 

— 

0.36 

— 

mA 

(VoH = 4.5 V) Source 

lOH 

5.0 

-5.0 

-0.62 

— 

-0.5 

-0.9 

— 

-0.35 

— 

mA 

(Vol = -4.5 V) Sink 

lo 

5.0 

-5.0 

1.6 

— 

1.3 

2.25 

— 

0.9 

— 

mA 

Clock Frequency (Rc = 300 kfi) 

fCLK 

5.0 

-5.0 

- 

- 

- 

66 

-- 

-- 


kHz 

Input Current — DU 

Idu 

5.0 

-5.0 

- 

±0.3 

- 

±0.00001 

±0.3 

- 

±1.0 

mA 

Quiescent Current 

Iq 

5.0 

-5.0 

— 

3.7 

— 

0.9 

2.0 

— 

1.6 

mA 

(Vdd to Vee, Iss = 0) 


8.0 

-8.0 

— 

7.4 

— 

1.8 

4.0 

— 

3.2 

mA 

Supply Rejection 












(Vdd to Vee, Iss = 0, 

Vref = 2.000 V) 

— 

5.0 

-5.0 

— 



0.5 




mV/V 


Note: 

1. Accuracy — The accuracy of the meter at full-scale is the accuracy of the 
setting of the reference voltage. Zero is recalculated during each conver¬ 
sion cycle. The meaningful specification is linearity. In other words, the 
deviation from correct reading for all inputs other than positive full-scale and 


zero is defined as the linearity specification. 

2. Three LSD stability for 200 mV scale is defined as the range that the LSD will 
occupy 95% of the time. 

3. Pin numbers refer to 24-pin DIP. 
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Pin Description 

PIN NO. 

PIN NO. 



60-Pin 

24-Pin 

SYMBOL 

DESCRIPTION 

FP 

DIP 



7 

1 

Vag 

This is the Analog Ground. It has a high input impedance. This pin determines the 


reference level for the unknown input voltage (Vx) and the reference voltage (Vref). 




Reference voltage. Full-scale output is equal to the voltage applied to Vref. Therefore, 

10 

2 

Vref 

full-scale voltage of 1.999 V requires 2.000 V reference and 199.9 mV full-scale requires a 


200 mV reference. Vref functions as system reset, also. When switched to Vee the 
system is reset to the beginning of the conversion cycle. 



12 

3 

Vx 

The Unknown Input Voltage (Vx) is measured as a ratio of the reference voltage (Vref) 
in a ratio-metric A/D conversion. 

19 

4 

Ri 

These pins are for external components used for the integration function in the dual slope 
conversion. Typical values are 0.1 (mylar) capacitor for Ci. 

22 

5 

Ri/Ci 

Ri = 470 kn (resistor) for 2.0 V full-scale. 

24 

6 

Ci 

Ri = 27 kn (resistor) for 200 mV full-scale. 

Clock frequency of 66 kHz gives 250 ms conversion time. See equation below for 
calculation of integrator component values. 

25 

7 

COi 

These pins are used for connecting the offset correction capacitor. The recommended 

26 

8 

CO 2 

value is 0.1 




Display Update input pin. When DU is connected to the EOC output every conver¬ 
sion is displayed. 

27 

9 

DU 

New data will be strobed into the output latches during the conversion cycle if a positive 
edge is received on DU prior to the ramp-down cycle. When this pin is driven from an 
external source, the voltage should be referenced to Vss. 

34 

10 

CLKi 

Clock input pins. The TSC14433 has its own oscillator system clock. Connecting a single 
resistor between CLKi and CLKo sets the clock frequency. 

36 

11 

CLKo 

A crystal or LC circuit may be inserted in lieu of a resistor for improved stability. 

CLKi, the clock input, can be driven from an external clock source, which need on^y 
have standard CMOS output drive. This pin is referenced to Vee for external clock inputs. 
A 300 kn resistor yields a clock frequency of about 66 kHz. (See typical characteristic 
curves). (See Figure 9 for alternate circuits). 




Negative Power Supply. Connection pin for the most negative supply. Please note !he 

37 

12 

Vee 

current for the output drive circuit is returned through Vss. Typical supply current 
is 0.8 mA. 

39 

13 

Vss 

Negative Power Supply for Output Circuitry. This pin sets the low voltage level for the 
output pins (BCD, Digit Selects, EOC, OR). When connected to analog ground, the output 
voltage is from analog ground to Vdd. If connected to Vee, the output swing is from Vee 
to Vdd. The recommended operating range for Vss is between Vdd -3.0 volts and Vee. 




40 

14 

EOC 

End of Conversion output generates a pulse at the end of each conversion cycle 

This generated pulse width is equal to one half the period of the system clock. 

41 

15 

OR 

Overrange pin. Normally this pin is set high. When Vx exceeds Vref the OR pin is low. 

49 

16 

DS 4 

Digit Select pins. The digit select output goes high when the respective digit is selected. 
The MSD (1/2 digit) turns on immediately after an EOC pulse. 

51 

17 

DS3 

The remaining digits turn on In sequence from MSD to LSD. 

52 

18 

DS2 

T 0 ensure that the BCD data has settled, an inter-digit blanking time of two clock periods is 
included. 

54 

19 

DSi 

Clock frequency divided by 80 equals multiplex rate. For example a system clock of 66 kHz 
gives a multiplex rate of 0.8 kHz. 

5 

20 

Qo 

See Figure 12 for Digit Select Timing Diagram. 

4 

21 

Q1 

BCD Data Output pins. Multiplexed BCD outputs contain 3 full digits of information 


during digit select DS2, 3, 4. 

57 

22 

02 

During DSI, the 1/2 digit, overrange, underrange and polarity information is availaoie. 

55 

23 

03 

Refer to Truth Table. 

6 

24 

Vdd 

Positive Power Supply. This is the most positive power supply pin. 
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Ordering Information 


Part No. 

Package 

Temperature 

Range 

TSC14433CJ 

24-pin Plastic Dip 

-40® C to +86® C 

TSC14433CL 

24-pin CerDIP 

-40®Cto +86® C 


60-Pin Plastic 


TSC14433CBQ 

Flat Package: 

-40® C to +86® C 


Formed Leads 



Part No. 

Package 

Temperature 

Range 


60-Pin Plastic 


TSC14433CSQ 

Flat Package: 
Unformed Leads 

-40®Cto +86® C 

Devices with 160, Hour, +125® 

C Burn-In 

TSC14433CJ/BI 

24-Pin Plastic Dip 

-40®CtO +86® C 

TSC14433CL/BI 

24-Pin CerDIP 

-40®Cto +86® C 


Pin Configuration 


VagL- 
VrefC 2 
VxC 3 
Rid 4 
Rl/Cid 5 
Cid 6 
cold 7 
C02d 8 
DUd 9 
CLK Id 10 
CLKOd 11 
VEEd 12 


20 


15 


24 dVoD 

□ Q3 

□ Q2 
dQI 
dQO 
dDSI 
I]DS2 

doss 

dDS4 

d^ 

dEOC 

dVss 


Ri 


Vx(max) ^ _T_ 
Ci AV 


AV = Vdd -Vx (max) -0.5 


T= 4000 X _1_ 

Where 
Ri is in kO 

Vdd is the voltage at pin 24 referenced to Vag 
V x is the voltage at pin 3 referenced to Vag 
fcLK is the clock frequency at pin 10 in kHz 


o <- 



NOTES: 

1. NC = NO INTERNAL CONNECTION 

2. PINS 8, 23, 38 AND 53 ARE CONNECTED TO THE DIE SUBSTRATE. THE POTENTIAL AT THESE 
PINS IS APPROXIMATELY V+. NO EXTERNAL CONNECTIONS SHOULD BE MADE. 


Typical Characteristics 




-40 -20 0 20 40 60 80 


(IVddI- IV^eO - SUPPLY VOLTAGE SKEW (VOLTS) 

Ffgurt 1: Typical Rollover Error vs. Power Supply 
Skew. 


Ta - temperature (*C) 

Figure 2; Typical Quiescent Power Supply Current vs. 
Temperature. 
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Typical Characteristics (Cent.) 




Vds - DRAIN TO SOURCE VOLTAGE (Vdc) 



Figure 3: Typical N-Channel Sink Current at Vdd -Vss 
= 5 Volts. 


Figure 4: Typical P-Channel Source Current at Vdd 
-Vss = 5 Volts. 




10 kn 


100 kn 


1 Mn 


-40 -20 0 20 40 60 80 


Rc - CLOCK FREQUENCY RESISTOR 


Ta - temperature ro 


Figure 5: Typical Clock Frequency vs. Resistor (Rc). Figure 6: Typical % Change of Clock Frequency vs. 

Temperature. 


conversion rate = 


CLOCK frequency . 
iMOO 


MULTIPLEX RATE = 


clock frequency 
80 


Circuit Description 

The TSC14433 CMOS IC becomes a modified dual slope A/D 
with a minimum of external components. This IC has the cus¬ 
tomary CMOS digital logic circuitry as well as the CMOS 
analog circuitry. It provides the user with digital functions 
(Such as counters, latches, multiplexers ) and analog func¬ 
tions (such as operational amplifiers and comparators) on a 
single chip. 

Features of this sytem include auto-zero, high input impe¬ 
dances and autopolarity. Low power consumption and a 


wide range of power supply voltages are also advantages of 
this CMOS device. The system’s auto-zero function compen¬ 
sates for the offset voltage of the internal amplifiers and 
comparators. In this “ratiometric system,” the output reading 
is the ratio of the unknown voltage to the reference voltage 
where a ratio of 1 equal to the maximum count of 1999. It 
takes approximately 16,000 clock periods to complete one 
conversion cycle. Each conversion cycle may be divided into 
six segements. Figure 7 shows the conversion cycle in 6 
segments for both positive and negative inputs. 

Segment 1 — The offset capacitor (Co), which compensates 
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for the input offset voltages of the buffer and integrator 
amplifiers, is charged during this period. However, the inte¬ 
grator capacitor is shorted. This segment requires 4000 clock 
periods. 

During Segment 2 — The integrator output decreases to the 
comparator threshold voltage. At this time a number of 
counts equivalent to the input offset voltage of the compara¬ 
tor is stored in the offset latches for later use in the auto-zero 
process. The time for this segment is variable, and less than 
800 clock periods. 

Segment 3 — This segment of the conversion cycle is the 
same as Segment 1. 



Figure 8: Equivalent Circuit Diagrams of the Analog 
Section During Segment 4 of the Timing 
Cycle. 


Segment 4 — Segment 7 is an up-going ramp cycle with the 
unknown input voltage (Vx) as the input to the integrator. 
Figure 8 shows the equivalent configuration of the analog 
section of the TSC14433. The actual configuration of the 
analog section is dependent upon the polarity of the input 
voltage during the previous conversion cycle. 

Segment 5 — this segment is a down-going ramp period with 
the reference voltage as the input to the integrator. Segment 
5 of the conversion cycle has a time equal to the number of 
counts stored in the offset storage latches during Segment 2. 
As a result, the system zeros automatically. 

Segment 6 — This is an extension of Segment 5. The time 
period for this portion Is 4000 clock periods. The results of 
the A/D conversion cycle are determined in this portion of the 
conversion cycle. 


(A) CRYSTAL OSCILLATOR CIRCUIT 


(B) LC OSCILLATOR CIRCUIT 


10 




10 





J 

C 7 




■■iLim 


TSC14433 

L f 



TSC14433 






•= 

It 




miMNIIIIBIHQI 

CLK 0 



11 

CLKO 









47 K 







C2d 



C 7 









f 


-r* 





10pF< Cl AND C2< 200pF 



FOR L = 5mH AND C = 0,01/uF.ffe 32 kHz 


Figure 9: Alternate Oscillator Circuits. 


Applications Information 

Figure 10 is an example of a 3 1/2 digit voltmeter using the 
TSC14433 with common-anode displays. This system require 
a 2.5 V reference. Full-scale may be adjusted to 1.999 V or 
199.9 mV. Input overrange is indicated by flashing a display. 


This display uses LEDs with common anode digit lines. 
Power supply for this system is shown as a dual ±5 V supply; 
however, the TSC14433 will operate over a wide voltage 
range (see recommended operating conditions, page 3). 
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DS1 

1/2 DIGIT 
(MSD) 


1/2 CLOCK CYCLE 


18 CLOCK CYCLES 


» 16,400 CLOCK CYCLES 
BETWEEN EOC PULSES 



i 


DS2 


2 CLOCK CYCLES 




i 


DS3 




DS4 

(LSD) 


Figure 12: Digit Select Timing Diagram 


The circuit in Figure 11 shows a 3 1/2 digit LCD voltmeter. 
The 14024B provides the low frequency square wave signal 
drive to the LCD backplane. Dual power supplies are shown 
here, however, one supply may be used when Vss is con¬ 
nected to Vee. In this case Vag must be at least 2.8 V above 
Vee. 

When only segment b and c of the decoder are connected to 
the 1/2 digit of the display, 4, 0, 7 and 3 appear as 1. 

The overrange indication (Q3 f 0 and QO = 1) occurs when 
the count is greater than 1999, e.g., 1.999 V for a reference of 
2.000 V. The underrange indication, useful for autoranging 
circuits, occurs when the count is less than 180, e.g., 0.180 V 
for a reference of 2.000 V. 

CAUTION: If the most significant digit is connected to a dis¬ 
play other than a “1” only; such as a full digit display, seg¬ 
ments other than b and c must be disconnected. The BCD to 
seven segment decoder must blank on BCD inputs 1010 to 
1111. 


TRUTH TABLE 


CODED CONDITION 
OF MSD 

Q3 

Q2 

01 

QO 

BCD TO 7 SEGMENT 
DECODING 

+0 

1 

1 

1 

0 

Blank 


—0 

1 

0 

1 

0 

Blank 


+0 UR 

1 

1 

1 

1 

Blank 


—0 UR 

1 

0 

1 

1 

Blank 


+1 

0 

1 

0 

0 

4- r 

Hook Up 

—1 

0 

0 

0 

0 

0-1 

only seg b 

+1 OR 

0 

1 

1 

1 

7- 1 

and c to 

—1 OR 

0 

0 

1 

1 

3^ 1_ 

MSD 


Notes for Truth Table 

Q3 — 1/2 digit, low for “1”, high for “0” 

Q2 — Polarity; “1” = positive, “0” = negative 

QO — Out of range condition exists if QO = 1. When used in conjunction with 
Q3 the type of out of range condition is indicated, i.e., Q3 = 0 -►OR or Q3 
= 1 -►UR. 
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Figure 13: Demultiplexing for TSC14433 BCD Data. 


470 k t O 


TSC9491 

REFERENCE 


R1 

R1/C1 Cl C01 C02 




OR 

DU 

or. 

TSC14433 


Q3 



Vee 

DS4 DS3 DS2 DS1 


ForV^EF = 2.000 V 
Vx: 1.999 V full scale 
^For Vref = 200.0 mV 

Vx: 199.9 mV full scale 
(change 470 kn to RI = 27 kH 
and decimal point position) 
*To increase segment current 
capability add two 75491 ICs 
between 1451 IB and Resistor 
Network. The use of the 1413 
as digit driver increases digit 
current capability over the 75492. 
Peak digit current for an eight 
displayed is 7 times the segment 
current. 

**Vee can range between -2.3 and 
-11 V. 


/ o o o 
I . u u u 


1/6 75492 

OR 

1/7 1413 


Figure 14: 3 1/2 Digit Voitmeter with Low Component Count using Common Cathode DIspiays. 
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Figure 14 is an exampie of a 3 1/2 digit LED voltmeter with a 
minimum of externai components (only 11 additional com™ 
ponents). In this circuit the 1461 IB provides the segment 
drive and the 75492 or 1413 provides sink for digit current. 
Display is blanked during the ovarrange condition. 
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(Package #12) 
24-Pin Plastic DIP 


I — PIN 1 

A A A A A A A A A A * 


J .555 

L .545 

^ u ij u u u ij u k; !j - 

1.266 

1.240 .046 __ 

.062 _ _.110 J L_ _J ^ .086 .120 

.044 ^ ^^'090 - ggg- 

II ■“'= \p 

II . 010 T 

1 .676 

' ' .625 

(Package #21) 
60-Pin Fiat Package 
Formed Leads 


.054 ± .004 

’*'16“ MAX 

.047 ± ,004 __/ 

l tm - 

V_. ,098 1 

,0075 “* L .050 ± ,006 

-1-^- 

.010MIN 


TSC14433 
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Section 8 

Binary A/D Converters. 8-3 

TSC500 Integrating Converter Analog Processor. 8-5 

TSC800 15-Bit Plus Sign Integrating A/D Converter. 8-13 

TSC7109 12-Bit Plus Sign Integrating A/D Converter. 8-29 

TSC8700 (8-Bit) Binary Output ADC . 8-49 

TSC8701 (10-Bit) Binary Output ADC . 8-49 

TSC8702 (12-Bit) Binary Output ADC . 8-49 

TSC8703 (8-Bit) Three State Binary Output ADC . 8-61 

TSC8704 (10-Bit) Three State Binary Output ADC . 8-61 

TSC8705 (12-Bit) Three State Binary Output ADC . 8-61 
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TSC500 
Integrating Converter 
Analog Processor 

• Automatic Zero Adjust 

• MProcessor Controlled 


General Description 

The CMOS TSC600 contains all the analog circuits needed to 
construct an integrating analog-to-digital converter. The ana¬ 
log input buffer, integrator, analog switches, comparator and 
phase control logic are all on chip. Resolution to 4 1/2 digits 
(1 part in 20,000) is possible. 

The dual slope converter uses time to quantize the analog in¬ 
put signal. A microprocessor and software routine perform the 
digital function of "counting clocks" for the dual slope inte¬ 
grating converter process. The usercan control resolution and 
conversion speed through software. The TSC500 analog 
building block can be used to construct an 8-bit or high resolu¬ 
tion 14-bit converter by modifying software routines. 

A microprocessor controls the TSC500 through the A and B 
logic input signals. Four TSC500 phases are possible: auto¬ 
zero, signal integrate, reference integrate (deintegrate), and 
integrator zero output. 

The TSC500 comparator output provides polarity and integra¬ 
tor zero crossing information. The comparator output always 
makes a high to low transition when the integrator crosses zero. 
This signals the end of a conversion to the processor. 

A precision dual slope integrating converter with automatic 
zero scale offset voltage and drift correction requires only a 
reference, two capacitors, a resistor and a microprocessor 


Features 

• Differential Analog Input 

• Differential Reference 

• Low Linearity Error . 0.005% 

• Fast Zero-Crossing Comparator . 4 jus 

• Low Power Dissipation ... 10 mW 


• Auto-Zero Cycle Eliminates Zero-Scale Error & Drift 

• Zero Integrator Phase Speeds Recovery From Over-range 
Input Signals 

• Automatic Internal Polarity Detection 


• Low Input Current . 15 pA Max 

• Wide Analog Input Voltage .±4.2 V 


• Microprocessor Control of Dual Slope ADC Conversion 


controller. The TSC500 contains the analog circuits needed to 
construct a dual slope integrating converter with an auto-zero 
phase. A zero-integrator output phase can be selected to 
eliminate errors caused by out-of-range input signals. The 
zero integrator phase makes the next conversion after an out- 
of-range conversion accurate. 

The CMOS TSC500 operates from ±5 V supplies. Power dissi¬ 
pation is only 10 mW. Leakage currents at the differential 
inputs are a low 10 pA. The TSC500 differential reference 
inputs allow easy ratiometric measurements. 


Functional Diagram 
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Absolute Maximum Ratings 

Supply (Vsto Vs) ...18 V 

Positive Suppiy Voltage (Vs to Gnd).. 12 V 

Negative Supply Voltage (Vs to Gnd) . -^2 V 

Analog Input Voltage (Vin or vFn) .Vs to Vi 

I .4. \iii A n \i r\ n 


Logic Input Voltage .Vs + 0.3 V to Gnd - 0.3 V 


Package Power Dissipation .0.5 W 

Ambient Operating Temperature Range 

CerDIP Package (I).-25°C to +85‘»C 

Plastic Package (C) .0°C to +70® C 

Storage Temperature ..— -55® C to 150®C 

Lead Soldering Temperature (60 seconds) .+300® C 


Electrical Specifications: Ta = 25® C, Vs = ±5 V unless otherwise specified. Caz = Cref = 1.0 /uf- 


TYPE 

NO. 

SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

MIN 

TSCSOO 

TYP 

MAX 

UNIT 


1 


Resolution 



— 

50 

ppm 


2 

ZSE 

Zero-Scale Error 

Note 1 

- 

- 

0.005 

% 


3 

ENL 

End Point Linearity 

Note 1 

- 

0.005 

0.01 

% 


4 

NL 

Best Case Straight 

Line Linearity 

Note 1, 2 

- 

- 

0.005 

% 


5 

DNL 

Differential 

Non-Linearity 


- 

- 

0.0025 



6 

TCzs 

Zero-Scale 

Temperature 

Coefficient 

Over Operating 
Temperature Range 

- 

1.0 

2.0 

mV/°C 


7 

SYE 

Full-Scale 

Symmetry Error 
(Rollover Error) 

4 1/2 Digit 

Resolution 

- 

- 

0.01 

% 

A 

N 

8 


Ratiometric 

Reading 

Vin = Vref = 1.0 V 

- 

- 

0.035 

% 

A 

L 

0 

G 

9 

FStc 

Full-Scale 

Temperature 

Coefficient 

Over Operating 
Temperature Range 
External 

Reference 

Tc = 0 ppm/®C 

- 

- 

10 

ppm/®C 


10 

IlN 

Input Current 

< 

z 

II 

o 

< 

- 

6 

15 

pA 


11 

CMRR 

Common-Mode 
Rejection Ratio 

-1 V < Vcm <1 V 

- 

80 

- 

dB 


12 

CMVR 

Common-Mode 

Voltage Range 

Vs = ±5 V 

Vs + 1.5 

- 

Vs - 1.5 

V 


13 


Integrator 

Output 

Swing 

Vs = ±5 V 

- 

- 

±4.1 

V 


14 


Analog Input 

Signal Range 


Vs + 0.8 

- 

00 

o 

1 

+to 

> 

V 


15 

eN 

Input Noise 

V|N + 0 V 

- 

30 

- 

CL 

1 

CL 

> 


16 


Reference Input 

Signal Range 


Vs + 1.0 

- 

Vs - 1.0 

V 


17 

VOH 

Comparator 

Logic 1 

Output 

ISOURCE = 800 jUA 

4.0 

- 

- 

V 

D — 
I 

G 

I _ 

18 

VoL 

Comparator 

Logic 0 

Output 

IsiNK = 4.0 mA 

- 

- 

0.4 

V 

T 

A 

19 

ViH 

Logic 1 

Input Voltage 


3.5 

- 

- 

V 

L — 

20 

ViL 

Logic 0 

Input Voltage 


- 

- 

1.0 

V 


21 

IL 

Logic Input Current 

Logic 1 or 0 

- 

0.05 

1 

mA 


22 

to 

Comparator Delay 


- 

4 

— 

/US 
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Electrical Specifications: ta = 25 “c, vs = ±5 v unless otherwise specified, caz = 

Cref = 

1.0 /xf. (Cont.) 


TYPE 

NO. 

SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

MIN 

TSC500 

TYP 

MAX 

UNIT 


23 

Is 

Supply Current 

Vs = ±5 V. A = 0, B = 1 

- 

1.0 

1.5 

mA 


24 

Pd 

Power Dissipation 

Vs = ± 5 V 

- 

- 

15 

mW 

P 



Positive Supply 






0 

25 

Vs 

Operating 


4 

— 

10 

V 

W 



Voltage Range 






E 

p 



Negative Supply 







26 

vi 

Operating 


-3 

— 

-8 

V 




Voltage Range 







27 

Vs - Vs 

Supply Operating 
Voltage Range 


7 

- 

15 

V 


Notes: 

1.) Integrate time = 10,000 Tp, Auto-Zero Time = 10,000 Tp, Full-Scale Deinte- 2.) End Point Linearity at, ±1/4, ±1/2, ±3/4 FS after Full-Scale Adjustment, 
grate Time = 20,000 Tp, Tp = 8.3 ixs (3.0 Conversions/Second) Vfs = 2.0 V, 

CINT = 0.33 /uf. Rint = 125 kfl 


Ordering Information 




Temperature 

System 

Part No. 

Package 

Range 

Resolution 

TSC500CPE 

16-Pin 
Plastic Dip 

0»Cto70=C 

TSC500IJE 

16-Pin 

CerDIP 

-25»Cto+85«C 


TSC500 Operation Theory 

The TSC500 incorporates a system zero and integrator out¬ 
put voitage zero phase to the normai two phase duai slope 
measurement cycle. Reduced system errors, fewer calibra¬ 
tion steps and a shorter over-range recovery time result. 


Pin Configuration 


iimtIT 



VsCI 


"isl DIC3 
^GND 

^azCE 

TSC500 

jTIcomp 
—'out 

buf(T 



ANALOG rr* 
COMMON LL 


TTIa 

^refCH 


mviN 

^refCl 


jD'^in 

REF Lo[T 


TJref hi 





System Zero Phase 


The TSC500 measurement cycle can use all four phases if 
desired. 

• System Zero 

• Analog Input Signal Integration 

• Reference Voltage Integration (Deintegrate Phase) 

• Integrator Output Zero 

Internal analog gate status is shown in Table 1 for each phase. 


Table 1: Internal Analog Gate Status 


Conversion 

Phase 

Internal Analog Gate Status 


SWi 

SWri SWri SWz SWr SWi 

SWiz 

Auto-Zero 
(A = 0, B = 1) 

Closed Closed Closed 


Input Signal 

Integration Closed 
(A=1,B = 0) 

Reference 

Voltage 

Deintegration 
(A = 1, B = 1) 

Closed* Closed 


Integrator 

Output 

Zero (A = B = 0) 

Closed Closed 

Closed 


Note: *Assumes a positive polarity input signal. SWri would be 
closed for a negative input signal. 


During this phase errors due to buffer, integrator and com¬ 
parator offset voltages are compensated for by charging Caz 
( auto-zero capacitor) with a compensating error voltage. 
With a zero input voltage the integrator output will remain at 
zero. 

The external input signal is disconnected from the internal 
circuitry by opening the two SW| switches. The internal input 
points connect to analog common. The reference capacitor 
charges to the reference voltage potential through SWr. A 
feedback loop, closed around the integratorand comparator, 
charges the Caz capacitor with a voltage to compensate for 
buffer amplifier, integrator and comparator offset voltages. 

Analog Input Signal Integration Phase 

The TSC500 integrates the differential voltage between the + 
Input and - Input. The differential voltage must be within the 
device common-mode range. 

The input signal polarity is normally checked via software at 
the end of this phase. 

Reference Voltage Deintegration 

The previously charged reference capacitor is connected 
with the proper polarity to ramp the integrator output back to 
zero. 
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Integrator Output Zero 

This phase guarantees the integrator output is at zero volts 
when the system zero phase is entered and that the true 
system offset voltages are compensated. It is normally used 
when the input has been over-ranged. The phase is not 
necessary for operation if over-range inputs do not occur or 
recovery time is not a system consideration. 

TSC500 Analog Section 
Differential Inputs (vIn [Pin 11 ], vFn [Pin io]) 

The TSC500 operates with differentiai voitages within the 
input amplifier common-mode range. The input amplifier 
common-mode range extends from 0.8 V below the positive 
supply to 0.8 V above the negative supply. Within this 
common-mode voltage range a common-mode rejection 
ratio is typically 80dB. Full accuracy is maintained, however, 
when the inputs are no more than 1.5 V from either supply. 

The integrator output also follows the common-mode vol¬ 
tage. The integratoroutput must not be allowed to saturate. A 
worst case condition exists, for example, when a large posi¬ 
tive common-mode voltage with a near full-scale negative 
differential input voltage isapplied. The negative input signal 
drives the integrator positive when most of its swing has been 
used up by the positive common-mode voltage. For these 
critical applications the integrator swing can be reduced. The 
integrator output can swing within 0.9 volts of either supply 
without loss of linearity. 

Analog Common (pin s) 

Analog common is used as the Vin return during system-zero 
and reference deintegrate. If vFn is different from analog 
common, acommon-mode voltage exists in the system. This 
signal is rejected by the excellent CMRR of the converter. In 
most applications, vFn will be set at a fixed known voltage 
(power supply common, for instance). A common-mode 
voltage will exist when vPn is not connected to analog common. 

Differential Reference (ref hi pin 9 , ref lo pin s) 

The reference voltage can be generated anywhere within the 
power supply voltage of the converter. Roll-over error is 
caused by the reference capacitor losing or gaining charge 
due to stray capacitance on its nodes. The difference in 
reference for (+) or (”) input voltages will cause a roll-over 
error. This error can be minimized by using a large reference 
capacitor in comparison to the stray capacitance. A 1 /uf 
capacitor is suitable. 

Phase Control Inputs (a [pm 12 ], B[Pin 13 ]) 

The A, B unlatched logic inputs select the TSC500 operating 
phase. The A, B inputsarenormallydrivenbya microproces¬ 
sor I/O port or peripheral input/output chip. 

Comparator Output 

By monitoring the comparator output during the fixed signal 
integrate time the input signal polarity can be determined by 
the microprocessor controlling the conversion. The com¬ 
parator output is high for positive signals and lowfor negative 
signals during the signal integrate phase (Figure 2). 


During the variable reference deintegrate phase the com¬ 
parator output will make a high to low transition as the 
Integrator output ramp crosses zero. This indicates the 
conversion is complete. The transition can be used to inter¬ 
rupt the processor controlling the conversion. 

The internal comparator delay is 4 jusec typically. 

Figure 2 shows the comparator output for large positive and 
negative signal inputs. For signal inputs at or near zero volts, 
however, the integrator swing is nonexistent. If common¬ 
mode noise is present, the comparator can switch several 
times during the signal integrate period. To ensure that the 
polarity reading is correct, the comparator output should be 
read and stored at the end of Signal Integrate. 


TSC500 Comparator Output 


Input 

Signal 


Operating 

Phase 


Comparator 

Output 


Positive 


Signal 

Integrate 


Logic 1 


Negative 


Signal 

Integrate 


Logic 0 


Positive 


Reference 

Deintegrate 


Logic 1 to 0 
Transition At 
Zero-Crossing 


Negative 


Reference 

Deintegrate 


Logic 1 to 0 
Transition At 
Zero-Crossing 
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Component Value Selection 
Integrating Resistor (Rint) 


The desired full-scale input voltage and output current 
capability of the input buffer and integrator amplifier set the 
integration resistor value. The internal class A output stage 
amplifiers will supply a 20 fxA drive current with minimal 
linearity error. Pint is easily calculated for a 20 juA full-scale 
current: ^ Full-Scale Input Voltage (V) 


20 


Reference Capacitor (Cref) 


A 1.0 )uF capacitor is suggested. Larger values may be used to 
limit roll-over errors. Low leakage capacitors such as poly¬ 
propylene are suggested. 


Auto Zero Capacitor (Caz) 

A 1.0 juF polypropylene capacitor is suggested. 


integrating Capacitor (Cint) 

The integrating capacitor should be selected to maximize 
integrator output swing. The integrator output will swing to 
within 0.8 V of Vs or Vs without saturating. 

Using the suggested 20 mA full-scale buffer output current, 
the integrating capacitor is easily calculated: 


Cint = 


_ (T)(Vfs) _ 

Integrator Output Voltage Swing (Pint) 


Where T = Integration Period 

Vfs = Full-Scale Input Voltage 


TSC500 


A very important integrating capacitor characteristic is dielec¬ 
tric absorption. Polypropylene capacitors give undetectable 
errors at reasonable cost. Polystyrene and polycarbonate 
capacitors may also be used in less critical applications. 

General Theory of Operation 
Dual Slope Conversion Principles 

The TSC500 is an integrating analog-to-digital converter 
building block. An understanding of the dual slope conver¬ 
sion technique will aid in following the detailed TSC500 
operation theory. 

The conventional dual slope converter measurement cycle 
has two distinct phases: 

• Input Signal Integration 

• Peference Voltage Integration (Deintegration) 

The input signal being converted is integrated fora fixed time 
period. Time is measured by counting clock pulses. An oppo¬ 
site polarity constant reference voltage is then integrated 
until the Integrator output voltage returns to zero. The 
TSC500 automatically switches in the proper polarity refer¬ 
ence signal. The reference integration time is directly 
proportional to the input signal. (Figure 3) 

In a simple dual slope converter a complete conversion 
requires the integrator output to “ramp-up” and “ramp-down.” 
The TSC500 comparator zero-crossing interrupts the proces¬ 
sor to indicate the deintegrate cycle is complete. 



Figure 3: Basic Dual Slope Converter with TSC500 
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A simple mathematical equation relates the input signal, refer¬ 
ence voltage and integration time: 

^ fim d. = 

RC J RC 

0 

Where: 

Vr = Reference Voltage 

Tsi = Signal Integration Time (Fixed) 

Tri = Reference Voltage Integration Time (Variable) 

For a constant Vin: 



LINE FREQUENCY DEVIATION FROM 60 Hz (%) 


ViN = Vr 



Figure 4: Normal Mode Rejection vs. Input Frequency 


The dual slope converter accuracy is unrelated to the inte¬ 
grating resistor and capacitor values as long as they are 
stable during a measurement cycle. 

An inherent benefit is noise immunity. Input noise spikes are 
integrated or averaged to zero during the integration periods. 
Integrating ADCs are immune to the large conversion errors 
that plague successive approximation converters in high 
noise environments. 

Integrating converters provide noise rejection automatically 
with at least a 20 dB/decade attenuation rate. Interference 
signals with frequencies at integral multiples of the integra¬ 
tion period are theoretically completely removed. This intui¬ 
tively makes sense, since the average value of a sine wave of 
frequency 1/T averaged over a period T is zero. 

Integrating converters often establish the integration period 
to reject 50/60 Hz line frequency interference signals. The 
ability to reject such signals is shown by a normal mode 
rejection plot (Figure 4). Normal mode rejection is practically 
set to 50-65 dB, since the line frequency can deviate by a few 
tenths of a percent (Figure 5). 



2 3 4 6 8 10 20 30 40 60 80 100 

FREQUENCY (Hz) 


Figure 5: Integrating Converter Normal Mode Rejection 
vs. 60 Hz Line Frequency Variations. 
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Package Information 


16-Pin Plastic Dip 
(Package #8) 



h-MAX-► 

OVERALL 
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16-Pin CerDIP 
(Package #9) 


^ A A A A A A r-n 


065 
r—■ 045 
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TSC800 

15-Bit Plus Sign Integrating 
Analog to Digital Converter 
• BUS Compatible 
• UART Interface 


General Description 

The TSC800 is a 15-bit plus sign integrating analog to digital 
converter. The TSC800 improves the conventional two cycle 
dual slope conversion cycle by incorporating system zero 
and integrator output zero phases. Offset error sources are 
automatically zeroed and overrange recovery time is reduced. 
The integrating conversion technique is immune to the noise 
spikes that introduce conversion errors in successive approxi¬ 
mation converters. 

The externally adjustable clock allows integration periods 
which are integral multiples of 50 Hz or 60 Hz for maximum 
power-line noise rejection. By using the 2.4576 MHz crystal 
OvScillator mode (2.5 CONV/SEC) 50, 60 and 400 Hz signals 
are rejected. 

Micro-processor interface signals support single byte (16- 
bit) or two byte (8-bit) parallel data transfers. A “handshake” 
operating mode supports serial data transmission via a 
UART. A serial count output is derivable by gating the clock 
signal with data valid (D\/D).Thecountoutputpulsesmay be 
used in serial fiber optic transmission systems. 

The high impedance differential inputs, 5 pA input leakage 
current, 16-bit dynamic range and interface control signals 
make the high resolution TSC800 the ideal analog to digital 
converter for process control, data logging and “intelligent” 
measurement systems. 

Functional Diagram 


Features 

• 15 Bit Resolution Plus Sign Bit 

- 96 dB Dynamic Range 

• Integrating Dual Slope Converter 

- Monotonic 

- Eliminate 50/60 Hz “Line” Interference 

- High Noise Immunity 

-Auto Zero Cycle Eliminates Trimming 

- Incorporates Integrator Zero Cycle for Fast Overload 

Recovery 

• Three State Data Bit/Sign Outputs 

- 8 or 16 Bit Parallel Data Transfer to ^-Processor Bus 

• UART Control Signals 

- Serial Data Transmission 

- “Handshake” Data Transfer 

- Distributed Control Systems 

- Fiber Optic Transmission Systems 

• Easy Conversion Cycle Monitoring and Control 

- Data Valid Output Signal 

- Continuous or Convert on Command Operation 

• High Impedance Differential Input 

- 15 pA Maximum Input Current 

• Low Input Noise 
-15/u Vp-p 

• On Chip Crystal Oscillator for 2.5 Conversions/Sec. 

- fxtal = 2.4576 MHz 

- 100 mSEC Integration Period Rejects 50, 60, 400 Hz 

Interference Signals 

• Convenient ±5 V Supply Operation 

- Low Power Dissipation . 20 mW 

• Static Discharge Protected Inputs 

• Available in 60-Pin Flat Package 




© 1983 
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TSC800 


Absolute Maximum Ratings^ 

Positive Supply Voltage (V^ to Gnd) .+6.2 V 

Negative Supply Voltage (Vs to Gnd). -9.0 V 

Analog Input Voltage (Vin or Vin) ..Vs to Vs 

Voltage Reference Input (Vref) .. V^ to Vs 

Logic Input Voltage . V^ + 0.3 V to Gnd - 0.3 V 

Package Power Dissipation 

CerDIP Package .. 1Watt@+85°C 


15-Bit Plus Sign Integrating 
Analog to Digital Converter 
• BUS Compatible 
• UART Interface 


Plastic Package .. 0.5 Watt @ +70° C 

Ambient Operating Temperature Range 

CerDIP Package (MJL) .. -55°C to+125°C 

(IJL) .-25° C to+85° C 

Plastic Package (CPL, CBQ, CSQ) ... 0°C to +70° C 

Storage Temperature ..-55°C to 150°C 

Lead Soldering Temperature (60 Seconds) ...... +300° C 


Electrical Characteristics: Vs = ±5 V, conversion Rate = 2.5 CONV/SEC, crystal Frequency = 2.4576 MHz, 
Ta = 25° C, Full-Scale Voltage = 3.2768 V, Note 1. 






TEST 


TSC800 



TYPE 

NO. 

SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNIT 


1 

VZSE 

Zero-Scale Error 

Vin = 0 V 

- 

— 

±0.5 

LSB 





Best Straight Line 






2 

NL 

Non-Linearity 

- Full-Scale 
< Vin < + Full-Scale 


1.3 

2 

LSB 





End Point 






3 

NL 

Nonlinearity 

- Full-Scale 

— 

2.8 

— 

LSB 

A 




< Vin ^ + Full-Scale 





N 

A 

4 

DNL 

Differential Nonlinearity 


- 

- 

±0.5 

LSB 

L 

ft 




Vin = 0 V, Ta = 25°C 


5 

15 

pA 

G 

5 

IlN 

Input Current 

0°C<Ta<70°C 

— 

25 

125 

pA 





-25°C<Ta<85°C 


70 

175 

pA 

1 

N 




-65°C<Ta< 125°C 


2.5 

7.5 

nA 

P 

6 

VCMR 

Common-Mode 

Over Operating 

Vs 


V^ 

V 

u 

T 

Input Range 

Temp. Range 

+1.5 V 


-1.0 V 



7 

CMRR 

Common-Mode 

Rejection Ratio 

Vln = 0 V 

Vcm = ±1 V 

- 

80 


AiV/V 


8 

Vfstc 

Full-Scale Gain 

External Ref. Temperature 


1.5 

5 

ppm 


Temp. Coefficient 

Coefficient = 0 ppm/°C 
0 °C<Ta<70°C 



°C 





9 

VZSTC 

Zero-Scale Error 

Temp. Coefficient 

Vin = 0 V 

0°C<Ta<70°C 

- 

0.8 

2 

mV 

°C 


10 

VSYE 

Full-Scale Magnitude 
Symmetry Error 

Vin = 3.27 V 


- 

2 

LSB 


11 

En 

Input Noise 

Not exceeded 

95% of time 

- 

15 


mVpp 


12 

tconv 

Conversion 



2.5 


Conv 



Speed 





Sec 

D 

1 

13 

VOH 

Output High Voltage 

lo = 100 /uA 

3.5 

4.4 

— 

V 

G 

14 

VoL 

Output Low Voltage 

lo = 1.6 mA (Note 4) 

- 

0.18 

0.4 

V 

T 

A 

15 

lOP 

Output Leakage Current 

High Impedance State 

— 

0.1 

1 

mA 

L 

16 

Icp 

Control Pin 

Pullup Current 

Pins 18,19, 20 

Pin 21 = 0 V, Vo = 2 V 

- 

5 

- 

mA 


17 

ViH 

Input High Voltage 

Pins 18-21, 26, 26 

2.5 V 

- 

- 

V 
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15-Bit Plus Sign Integrating 
Analog to Digital Converter 

• BUS Compatible 

• UART Interface TSG800 


Electrical Characteristics: Vs = ±5 V, conversion Rate = 2.5 CONV/SEC, crystal Frequency = 
Ta = 25° C, Full-Scale Voltage = 3.2768 V, Note 1. 

2.4576 MHz, 

TYPE 

NO. 

SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

MIN 

TSC800 

TYP 

MAX 

UNIT 


18 

ViL 

Input Low Voltage 

Pins 18-21, 26, 27 

- 

— 

1 

V 


19 

llP 

Input Pin Pullup Current 

Pins 26,27 V = 2 V 

— 

5 

- 

/xA 


20 

llP 

Input Pin Pullup Current 

Pin 17, 24 V = 2 V 

- 

25 

- 

mA 


21 

IlD 

Input Pin 

Pulldown Current 

Pin 21 

V = 3 V 

- 

5 

- 

mA 


22 

losci 

Oscillator Output Current 

Vo = 2.5 V 

- 

1.0 

- 

mA 

D 

23 

Ibufosc 

Buffered Oscillator 

Output Current 

Vo = 2.5 V 

- 

5 

- 

mA 

1 

G 

24 

CiN 

Input Capacitance 

Pin 18, 19 

— 

- 

50 

PF 

1 

T 

A 

25 

Tpw 

BUS/Hand Control Pin 
Minimum Pulse Width 

Pin 21 

70 

- 

- 

ns 

L 

26 

Twbe 

Byte Enable 

Pulse width 

Note 1 

350 

200 

- 

ns 


27 

Twce 

Chip Enable 

Pulse Width 

Note 1 

400 

250 


ns 


28 

Tabe 

Byte Enable 

Access Time 

Note 1 

- 

200 

350 

ns 


29 

Tace 

Chip Enable 

Access Time 

Note 1 


250 

400 

ns 


30 

Tdhb 

Data Hold From 

Byte Enable Change 

Note 1 

- 

140 

300 

ns 


31 

Tdhc 

Data Hold From 

Chip Enable Change 

Note 1 

- 

240 

400 

ns 


32 

Is" 

Positive Supply Current 


- 

2.0 


mA 


Is 

Negative Supply Current 


- 

2.0 

3.5 

mA 

Notes: _ 

1. Parallel Data Transfer (BUS/Hand = 0,). See Figure 1 

2. Operation at or above the absolute maximum stress ratings Is not 
implied. 

3. Static sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. 

4. For Pins 18, 19, 20 lo = 750 /uA. 

5. Crystal source (2.4576 mHz) 
a. DIGI-KEY Corp 

Highway 32 South 

P.O. Box 677 

Thief River Falls, MN 56701-9988 
1-800-344-4539 

Part No. X047 
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15-Bit Plus Sign Integrating 
Analog to Digital Converter 
• BUS Compatible 
• UART Interface 


Pin Description and Function 


PIN NO. PIN NO. 
40-Pln (60-Pln 
DIP) FP) 


SYMBOL DESCRIPTION 


1 


SGN 


Sign Bit: 1 = Positive Input. The input signal polarity is determined at the end of the 
signal integrate phase. 


10 


DBi5 


Data Bit 15 (MSB): Three State Output Data Bit 


10 


11 


12 


13 


14 


15 


16 


11 


12 


13 


18 


20 


21 


22 


24 


25 


26 


27 


28 


33 


DBi4 


DBi3 


DBi2 


DBii 


DBio 


DBg 


DBs 


DB7 


DBe 


DBs 


DB4 


DB3 


DB2 


DBi 


14 


13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

i t 


NOTE: DBis -DB, 

are at a logic “1” state for 

an overrange conversion. 


j . Test: 0 V; Data Outputs forced to Logic 1 and clock is disabled 
Test = V*”: Counter latches enabled. 

A low data byte enable input or flag output depending on BUS/HAND (Pin 21) 
status 

18 35 LBEN/LBFLG 1. BUS/HAND = 0: With Pin 21 low and CE/LDSTRB = 0 (Pin 20) data bits 8 

(Input/Output) through 1 are output (pins 9 -16) when the input pin LBEN = 0. 

2. BUS/HA ND = 1: Valid data on pins 9 -16 is indicated by the flag output 
_ LBFLG = 0. __ 

A high data byte enable input or flag output depending on BUS/HAND 
(pin 21) status. 

18 36 HBEN/HBFLG 1. BUS/HAND = 0: With pin 21 low and CE/LDSTRB = 0 (pi n 20) the high data byte 

(Input/Output) (Sign Bit plus Data Bits 15 - 9) are output when the input HBEN = 0 

2. BUS/HAND = 1: Valid Data on pins 1 - 8 is indicated by the flag output 
HBLFG = 0. 

_1. BUS/HAND = 0: CE is master chip enable, With CE= 1 sign bit plus DBis - DBi 

20 37 CE/LDSTRB are disabled (Hi-Imped ance S tate) . CE = 0 enables outputs and data is trans- 

(Input/Output) ferred under control of LBEN and HBEN input signals. 


CE 

LBEN 

HBEN 

FUNCTION 

0 

0 

1 

Low Data Byte Cutput 

0 

1 

0 

High Data Byte Cutput 

0 

0 

0 

Low + High Data Byte Cutput 

0 

1 

1 

High Impedance State 


2. BUS/HA ND = 1: LDSTRB is a load strobe output sign. In the handshake mode, 
LDSTRB = 0 output signal instructs the receiving device to accept data. 

Note: 

Pin connections in description section refer to 40-pin package. 
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Pin Description and Function (Cont.) 

PIN NO. 
40-Pin 
DIP) 

PIN NO. 
(60-Pin 
FP) 

SYMBOL 

DESCRIPTION 




1. BUS ^ 0: Parallel output data mode where the C^ HBEN, and LBEN signals are 
inputs that directly control the 16 data bits. 

21 

39 

BUS/HAND 

2. HAND = 1: LDSTRB, LBFLG, HBFLG are outputs used in the handshake data 
transfer mode. 




3. Hand = _l l_ (Pulsed High): Causes entry into handsake mode for UART 
interfacing. 

22 

40 

OSC2 

Oscillator input 

23 

41 

OSC1 

Oscillator output 




Selects internal oscillator structure 

24 

42 

OSC CON 

1. OSC CON - 1: RC oscillator. Internal clock frequency is same frequency and duty 
cycle as BUF OSC. 




2. OSC CON = 0: Crystal oscillator, Internal clock frequency is frequency at BUF 

OSC H- 15. 

25 

43 

BUFOSC 

Buffered oscillator output 

26 

48 

CONVERT/ 

STOP 

CONVERT = 1: Conversions performed continuously. 

STOP = 0: Conversion process stops 7 counts before entering signal integrate phase. 
The conversion in progress when STOP = 0 is completed. 

27 

49 

DRQST 

DATA OUTPUT request signal. An input used in the handshake mode that indicates an 
external device is ready to accept data. If DRQST is not used connect to Vs. 

28 

50 

Vs 

Negative power supply 

29 

51 

Vref 

Voltage reference input 

30 

52 

COM 

Analog common. The TSC800 is auto-zeroed to the analog common potential. 

31 

54 

Vint 

Integrator output 

32 

55 

Csz 

SYSTEM-ZERO capacitor 

33 

56 

Vbuf 

Output of input signal buffer 

34 

57 

Cr 

Reference capacitor 

35 

59 

Cr 

Reference capacitor 

36 

1 

ViN 

Negative differential analog input 

37 

3 

vIn 

Positive differential analog input 

38 

5 

Vs 

Positive power supply 

39 

6 

GND 

Digital ground. Ground return point for Digital logic. 

40 

7 

DVD 

DATA VALID SIGNAL: DVD = 1 during signal Integrate and reference integrate 

phases until data is latched. _ 

DVD = 0 when in auto zero-phase. Data does not change when DVD = 0. 

Note: 

Pin connections in description section refer to 40-pin package. 
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General Theory of Operation 
Dual Slope Conversion Principles 

The TSC800 is a dual slope, integrating analog to digital 
converter. An understanding of the dual slope conversion 
technique will aid in following the detailed TSC800 opera¬ 
tion theory. 

The conventional dual slope converter measurement cycle 
has two distinct phases: 

• Input Signal Integration 

• Reference Voltage Integration (Deintegration) 

The input signal being converted is integrated fora fixed time 
period. Time is measured by counting clock pulses. An op¬ 
posite polarity constant reference voltage is then integrated 
until the integrator output voltage returns to zero. The refer¬ 
ence Integration time is directly proportional to the Input 
signal. 

In a simple dual slope converter a complete conversion re¬ 
quires the integrator output to “ramp-up” and “ramp-down.” 


Basic Dual Slope Converter 



The dual slope converter accuracy is unrelated to the inte¬ 
grating resistor and capacitor values as long as they are 
stable during a measurement cycle. An inherent benefit is 
noise immunity. Noise spikes are integrated or averaged to 
zero during the integration periods. Integrating ADCs are 
immune to the large conversion errors that plague succes¬ 
sive approximation converters in high noise environments. 


A simple mathematical equation relates the input signal, 
reference voltage and integration time: 

Tsi 

1 r Vr Tri 

-/ ViN(t) dt = ——- 

RC j/q RC 

where: 

Vr == Reference Voltage 

Tsi = Signal Integration Time (Fixed) 

Tri = Reference Voltage Integration Time (Variable) 


For a constant Vin: 


ViN 


Vr 


Tri 

Tsi 


TSC800 Analog Input Description 

System Zero Phase (Figure 3A) 

During this phase errors due to buffer, integrator and com¬ 
parator offset voltages are compensated for by charging Csz 
(system-zero capacitor) with a compensating error voltage. 
With a zero input voltage the integrator output will remain at 
zero. 

The external input signal is disconnected from the internal 
circuitry by opening the two SWi switches. The internal 
input points connect to analog common. The reference 
capacitor charges to the reference voltage potential through 
SWr. a feedback loop, closed around the integrator and 
comparator, charges the Csz capacitor with a voltage to 
compensate for buffer amplifier, integrator and comparator 
offset voltages. 
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Analog Input Signal Integration Phase 

(Figure 3B) 

The TSC800 integrates the differential voltage between the 
+ input and - input. The differential voltage must be within the 
device common-mode range; 1 V from either supply rail typi¬ 
cally. The input signal is integrated for 16, 384 clock cycles. 

The input signal polarity is determined at the end of the phase. 



Figure 3B: TSC800 input Signai integration Phase 


Reference Voltage Integration (Figure 3C) 

The previously charged reference capacitor is connected 
with the proper polarity to ramp the integrator output back to 
zero. The time for the output to return to zero is proportional to 
the input signal magnitude. The phase lasts for a maximum 
of 32, 768 clock periods. 



Figure 3C: TSC800 Reference Voltage Integration 
Cycle 


Integrator Output Zero (Figure 3D) 

This phase guarantees the integrator output is at zero volts 
when the system zero phase is entered and that the true sys¬ 
tem offset voltages are compensated for. This phase nor¬ 
mally lasts 4096 clock cycles. 



Figure 3D: TSC800 Integrator Output Zero Phase 


Differential Inputs (Viii (Pin 37) and Vin (Pin 36)) 

The TSC800 operates with differential voltages within the 
input amplifier common-mode range. The input amplifier 
common-mode range extends from 1.0 V below the positive 
supply to 1.0 V above the negative supply. Within this com¬ 
mon-mode voltage range an 86 dB common-mode rejection 
ratio is typical. 

The integrator output also follows the common-mode vol¬ 
tage. The integrator output must not be allowed to saturate. 
A worst case condition exists, for example, when a large posi¬ 
tive common-mode voltage with a near full scale negative 
differential input voltage is applied. The negative inputsignal 
drives the integrator positive when most of its swing has been 
used up by the positive common-mode voltage. For these cri¬ 
tical applications the integrator swing can be reduced. The 
integrator output can swing within 0.4 volts of either supply 
without loss of linearity. 

Analog Common (Pin 30) 

Analog common is used as the Vin return during system-zero 
and reference-integrate. If Vin is different from analog com¬ 
mon, a common-mode voltage exists in the system. This sig¬ 
nal is rejected by the excellent CMRR of the converter. In 
most applications Vin will be set at a fixed known voltage 
(power supply common, for instance). In this application, 
analog common should be tied to the same point, thus re¬ 
moving the common-mode voltage from the converter. The 
reference voltage is referenced to analog common. 
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Digital Section Description 
Digital Control Signals 
BUS/Hand (Pin 21) 

The BUS/Hand input signal selects the parallel BUS data 
transfer mode or handshake transfer mode. An internal pull¬ 
down resistor guarantees parallel mode operation when the 
input pin is open. The handshake mode allows serial data 
transmission with a UART. In the paralle l mode the TSC800 
outputs data under control of the HBEN, LBEN and CE sig¬ 
nals. In the handshake mode TSC800 output signals 
communicate with peripheral devices to control the data 
transmission. 

For BUS =0 the HBEN (Pin 19), LBEN (Pin 18),and CE (Pin 
20) input signals control the TSC800 data transmission. 
Figu re 1 s h ows ty pical timing relationships and operation. 
The HBEN, LBEN and CE signals are asynchronous to the 
internal conversion clock. Output data is immediately 
accessed. To avo id ac cessing data as updates are occuring 
the DATA VALID (DVD, Pin 40) sig nal ca n be used as an ena¬ 
ble signal. Data will not change if DVD = 0. 

In the handshake mode two data transfer methods are 
possible. If HAND is pulsed high (HAND = JX) fora minimum 
of 70 nsec the TSC800 enters the handshake mode. If HAND 
= 1 continuously the parallel mode is not re-entered, and a 
handshake data transfer will occur at the end of each con¬ 
version cycle. 

The BUS/Hand input signal configures dual purpose pins 
18, 19 and 20 as inputs or outputs. In conjunction with the 
DATA REQUEST (DRQST, Pin 27) input signal the hand¬ 
shake data transfer is controlled by the output signals: 
LBFLG, HBFLG, and LDSTRB. 


Data Request Input (drqst, Pin 27) 

This input is used only in the handshake data transfer mode, 
a DRQST = 1 input signal indicates an external receiving 
device is ready to accept da ta from the TSC800. It serves as a 
send data command. When BUS/HAND = 0, DRQST should 
be tied to Vs. 

Convert/Stop Input (Conv/stop, Pin 26) 

The CONV/STOP control input i s pull ed high through an 
Internal pull-up resistor. If CONV/STOP = 1 or left open the 
TSC800 continuously performs conversions. Each measure¬ 
ment cycle will be 65,536 counts long. The measurement 
cycle time for one conversion is: 

T Conversion (msec) = 65.536 1/fc(kHz) 

Where: fc = Internal Clock Frequency in kHz. 

If CONV/STOP = 0 during the reference integrate phase and 
after a zero-crossing has been detected the integrator zero 
phase Is immediately entered and completed. This eliminates 
the time spent In the reference integrate phase after the out¬ 
put data latches are updated. 

If CONV/STOP remains low, the TSC800 will wait in the sys¬ 
tem zero phase. The signal integrate phase will begin 7 clock 
counts after a CONV = 1 signal is detected. The CONV/STOP 
signal is detected synchronously with the internal clock. The 
system zero phase shoul d last a minimum of 70 msec. See 
Figures 6 and 7 for CONV/STOP conversion timing diagrams. 


If CONV/STOP goes low and remains low during the system 
zero phase, the TSC800 will stop at the end of the phase and 
wait for CONV = 1. The signal integrate phase will start seven 
clock counts after CONV = 1 is detected. 


OPERATING MODE 


PIN DESCRIPTION 


BUS Transfer Mode 

LBEN/LBFLG 
(Pin 18) 

HBEN/HBFLG 
(Pin 19) 

CE/LDSTRB 
(Pin 20) 

BUS/HAND = 0 

LBEN: Low Data Byte 
Enable Input. A logic 

0 activates the low 
order data (DBs - DBi) 
if CE = 0. 

HBEN: High Data Byte 
Enable Input. A logic 

0 activates the high 
order data (SGN, DBis 
- DBg) if CE = 0. 

CE: Master Output Enable 
Input. When CE = 1 outputs 
(SGN, DBis - DBi) are 
disabled and in a high 
impedance state. 

Handshake Transfer 
Mode 

BDS/HAND = 1 or -Tl 

LBFLG: Low Data Byte 

Flag Output. Indicates 
_ output data Is DBs - DBi. 

HBFLG: High Data Byte 

Flag Output. Indicates 
output data is DBis - DBg. 

LDSTRB: Load Strobe 

Output Signal. 

A logic 0 or 
falling edge indicates 
valid data is 
present at the output. 
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Figure 6: Convert on Command Operation. (CONV/STOP = 0 After Zero Crossing Detected) 



NEXT 

tCONVERSIONj 

CYCLE 


Figure 7: Continuous Conversion (CONV/STOP = 1) 
Test Input (Pin 17) 

When Test = 1 the counter data latches are enabled. If Test = 
0 the counter outputs are forced to a 1 state and the internal 
clock is disabled. When Test is returned to a logic 1 and one 
clock pulse is applied ail the counter outputs are clocked low. 


Data Valid (dVD, pin 40) 

DVD = 1 at the start of signal integrate and bv6 = 0 one half 
cloc k period after new data is stored in the data latches. Since 
DVD is always low when data is not changing the signal may 
be used as a "Data Valid Flag". See Figures 6 and 7 for timing 
relationships. 
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Data Output Description 

Parallel Mode Data Interface 

Wit h BU S/Han d =0th e sign and data bits are controlled by 
the (Pin 20), LBEN (Pin 18) and HBen (Pin 19) inputs. All 
three inputs have internal pullup resistors. Inactive data bits 
are in a high impedance state. 

The HBEN signal control s the most significant data byte 
(SGN, DBi 5 “ DBg). LBEN controls the least significant data 
byte (DBs - DBi). 


CE 

HBEN 

LBEN 

High Data Byte Low Data Byte 

(SGN, DBi5 - DBg) (DBs - DBi) 

1 

X 

X 

Inactive 
(High Z State) 

Inactive 
(High Z State) 

0 

0 

0 

Active 

Active 

0 

0 

1 

Active 

Inactive 
(High Z State) 

0 

1 

0 

Inactive 
(High Z State) 

Active 

0 

1 

1 

Inactive 
(High Z State) 

Inactive 
(High Z State) 


"X" = 1 or 0 


The HBEN, LBEN and CE input signals are asynchronous 
with the internal conversion clock. Output data is imme¬ 
diately available. To avoid accessing data as data updates 
occur the DATA VALID (Pin 40) signa l can control the data 
access. DATA will not change If dvb = 0. 






cl-^ 

K 7 



Jy/////. 




^*DHC^ 1 

_ HIGH 


-^UCE-^I 

/ \ IMPEDANCE 

HIGH IMPEDANCE STATE / VALID DATA \l STATE 

\ SGN, DBIb to DBI /- 

^- ' 


Figure 1B: Parallel Data Transfer - 16-Blt Bytes 


Handshake Mode Data Transfer 

The TSC800 actively controls the data transfer to peripherals 
through the handshake data transfer mode. In the handshake 
mode pins 18, 19 and 20 (LBF LG, HBF LG, and LDSTRB) are 
! TTL compatible outputs. The LDSTRB signal in dicat es valid 
data is available for the peripheral. The LBFLG and HBFLG 
signals indicate which data byte is being transferred. The 
data request signal (DRQST, Pin 27) informs the TSC800 a 
peripheral is ready to accept data. A complete cycle transfers 
two 8-bit bytes. 

The BUS/Hand signal is ignored after the handshake mode 
is entered. Conversions continue but data latch updating is 
inhibited until the TSC800 transfers two data bytes and clears 
the internal mode latch. 

The handshake mode is entered in two ways: 

• Set BPs/Hand = 1 

• Pulse BUS/Hand High (-Tg 


BUS/Hand = 1 

With Hand = 1 the TSC800 will enter the handshake mode 
after data is stored in the output data latch es. On ce the hand- 
shake mode internal latch signal is set the BUS/Hand signal 
is ignored. The Data Request Input Signal (DRQST) signal 
controls data transfer to the external requesting peripheral. 
Figu re 2 shows the timing diagram for the data transfer with 
BUS/Hand = 1 (throughout the transfer). Note that DRQST = 
1 throughout the transfer. The data transfer rate is set by the 
TSC800 internal clock. A complete data transfer occurs in 4 
clock periods after a DRQST = 1 is detected on a high to low 
internal clock edge transition. 

For peripherals that cannot accept data at the TSC800 clock 
rate the DRQST input signal can be used to delay the transmit 
sequence. This mode is useful In interfacing to UARTS. 
Figure 3 shows a typical 2602 UART interface. 
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ZERO CROSSING 
OV-- 


INTERNAL CLOCK 

INTERNAL DATA 
LATCH UPDATE 
[3VD (DATA 
VALID SIGNAL) 


INTERNAL 
DATA TRANSFER 
MODE CONTROL SIGNAL 
( 1 = HANDSHAKE, 0= BU! 

DRQST 



(DATA REQUEST INPUT FROMi PERIPHERAL) 

ldstrF 

(LOAD DATA STROB E OUTPUT ) 

HBFLG 

(HIGH DATA BYTE FLAG OUTPUT) 


HIGH DATA BYTE 


(LOW DATA BYTE FLAG OUTPUT) 


LOW DATA BYTE 
Note; 

1. High Impedance Output with Internal Pullup. 

2. DRQST S ig nal Sense d at H —► L Clock Transition. 

3. LDSTRB & HBFLG Become Active at First L-^H Clock 
Transition After DRQST is Sensed H. 


Figure 2: Data Transfer with BUS/Hand = 1 




Figure 3A: Typical UART Interface Timing with DRQST Signal Controlling Data Transfer Timing 
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The UART data transfer sequence begins with a DRQST = 1 
signal. This indica tes the U ART transmi tter buffer register is 
empty (TBMT = 1). HDSTCB and HBFLG become active when 
DRQST is sensed synchronously. The high order da ta byte is 
stored in the UART transmitter buffer register when LDSTRB 
= 1. This occurs one clock period after DRQST is sensed. The 



Figure 3B: Typical UART to TSC800 Connection 


DRQST signal (TBMT) goes low halting the cycle with the 
SGN and DBN 15 " DBg data bits active. After the UART trans¬ 
fers the received data to the transmitter register the DRQST 
input (TBMT) again goes high. On the first high to low Internal 
clock transition t he high byte data is disab led and o ne-half 
clock period later H^FLCa = 1. Concurrently LDSTRB = 0 and 
DBa - DBi, become active. One clock period later lDsTf^B = 
1 and the low data byte is clocked into the UART transmitter 
buffer register. DRQST goes low. When DRQST returns high 
it will be sensed on the first TSC800 internal clock high to low 
edge transition thus causing all outputs to be disabled. One 
half clock period later the Internal handshake mode latch is 
cleared and LD'STRB' = HBFLQ = LBFL6 = 1. The outputs 
remain active as long as Hand = 1. 


BUS/Hand = jn_ (Pulse) 

The TSC800 outputs every conversion (except those com¬ 
pleted during a handshake transfer) with Hand held high. 
Handshake output sequences on demand are possible by 
triggering the Hand control input with a low to high edge. 
Figure 4 shows a typical data transfer. The output cycle Is 
controlled by the DRQST input signal. The complete two 
byte data transfe r can take any le ngth o f time. Conversions 
are made and the DVD and CON V/STW inputs function nor¬ 
mally but new data will not be latched until the handshake 
mode is terminated. 



1 . High Impedance State with Resistive Pullup 

2. High Impedance State 

3. DRQST Input Sensed 

4. Output Sequence Greater Than Conversion Cycle 








© 








7 ^ 


Figure 4: Handshake Output on Command (DRQST Signal Controls Transfer) 
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Oscillator Control and Operation 

OSC CON (Pin 24) configures the internal oscillator as a 
crystal or RC oscillator. OSC CON = 1 establishes the RC 
oscillator. R should be 50 kn or larger. The internal clock 
matches the frequency and phase of the BUF OSC (Pin 25) 
signal. In the crystal oscillator mode (OSC CON = 0) a ^ 15 is 
between the buffered oscillator output and the internal clock. 
The internal oscillator may be over-driven by driving OSC 1 
(Pin 23). The OSC CON pin controls whether the internal 
clock is divided by 15. 


Oscillator 

Type 

OSC CON 
(Pin 24) 

Internal 

Clock 

Frequency 

Signal 

Integration 

Time 

Conversion 
Cycle Time 

RC 

Vs or open 

.45/RC 

16384 ^RCj 

RC 

- [65,536] 

.45 

Crystal 

Ground 

fXTAL 15 

16384/ 

VfXTAL/ 

— [65,536] 
fXTAL 


fxTAL = Crystal Frequency 
Typical Crystal Operation; 

• fx = 2.4576 mHz 

• Internal Clock Frequency = 163.8 kHz 

• Signal Integration Time = 100 msec 

• Conversion Cycle Tlme = 400 msec (2.5Conversions/Sec) 

External Oscillator Control 


— c< - 

ir 

ETERNALCLC 

-15 

CK 

TSC800 



1 

E^ 

ABLE 

24 

< 

OSC C( 
{GND = 

22 

DIM 

-15) ' 

OSC 2 25 

S EXTERNAL < 

/ CLOCK 
, SOURCE 

• BUF OSC 


Internal RC Oscillator Configuration 


'■ ‘ TSC800 

INTE 

CLO( 

__ ] 

RNAL 

CK 





24^ <? 

OSC CON 
or OPEN) C 

22 

) 

OSC 2 23 

_ j 

tosc 1 

1 —— 1 

25 

BUF 

OSC 

f 


Internal Crystal Oscillator Configuration 





1 

1 


_ - 

'-vv\-- 

’-0 

NTERNAL 

CLOCK 

- 15 

TSC800 


> 



r k 

^ OO 

22' 

OSC 2 23 

-^Dl- 

OSC1 

( 

25 

BUF 

OSC 



Component Value Selection 
Integrating Resistor (Rint) 

The desired full-scale input voltage and output current capa¬ 
bility of the input buffer and integrator amplifier set the inte¬ 
gration resistor value. The internal class A output stage 
amplifiers will supply a 20 /uA drive current with minimal 
linearity error. Rint is easily calculated for a 20 /uA full scale 
current: 

Rint (M n) = FuH-Scale Input Voltage (V) 

20 


Full-Scale Input Voltage (Vfs) 

Rint 

3.2768 

160 k n 

4.0000 

200 k n 


Integrating Capacitor (Cint) 

The integrating capacitor should be selected to maximize 
integrator output swing. The integrator output will swing to 
within 0.4 V of or Vs without saturating. With ± 5 V power 
supplies and analog common connected to supply ground a 
3.5 V to 4.3 V swing is adequate. 

Using the suggested 20 /zA full-scale buffer output current 
the integrating capacitor is easily calculated: 

^ 16.384 IfcLK(kHz)) 20 mA 

Cint (mF) =-^- L - 

Integrator Output Voltage Swing (V) 
Where: fcLK = Internal Clock Frequency 
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Co mpon ent Value Selection (Cont.) 
Integrating Capacitor (Cint) 

For 2.5 CONV/SEC the internal clock Is 163.8 kHz. The 
TSC800 operates at 2.5 CONV/SEC with an external crystal 
equal to 2.4576 MHz. A 0.47 nf capacitor is recommended. 

The integrating capacitor should be selected for low dielec¬ 
tric absorption to prevent roll-over errors. Polypropylene 
capacitors are suggested. The outer foil of Cint should be 
connected to Cint (Pin 31). 

System Zero Capacitor (Csz) 

A1.0 mF polypropylene capacitor is suggested. The innerfoil 
should be conected to Caz (Pin 32). 

Reference Capacitor (Cref) 

A 1.0/uF capacitor is suggested. Larger values may be used to 
limit roll-over errors. Low leakage capacitors such as poly¬ 
propylene or Teflon® should be used. 

Reference Voitage 

The analog input required to generate the 32,768 full-scale 
count is Vinput = 2 Vref. The reference voltage source 
should be selected for temperature stability. The TSC800 
provides 30 ppm resolution. With a 5 ppm/®C reference a 6® 


change will introduce a 1-bit absolute error. A stable refer¬ 
ence must be used where ambient temperature is controlled 
and accurate absolute measurements are needed. 

The reference voltage input must be a positive voltage with 
respect to analog common. Reference voltage circuits are 
shown below. 

Reference Voltage Circuits 



Deiay Resistor (Rs) 

The Rs, Cint combination compensates for comparator delay 
time. With a 0.47 ^F integrating capacitor a 20 O series resistor 
is suggested. 


Applications Information 

TSC800 Parallel Interface to 6522 Versatile Interface Adapter 
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Applications Information (Cont.) 


TSC800 Interface to 6520 VIA 



TSC800 

INTERNAL. 

CLOCK 


INTERNAL 
DATA LATCH 






DVD - 

DATA AVAILABLE 


(LDSTRB, CAD | 

1 .. 1 




SGN, DB^s - DBg DATA VALID 

IMPEDANCE 1 


1 _r 


HI z r 
■'1 


HI 

Tmpedance 


DATA REQUEST SENSED 
PERIPHERAL DATA / 

REQUEST_ ___L-1 

(DRQST, CA2) 


DATA REQUEST SENSED DATA REQUEST SENSED 

\ X 

-4 ^ 


PROCESSOR READS PERIPHERAL 
(R-CS) -- 


5 


READ 

HIGH 

BYTE 




READ 

LOW 1- 

BYTE 


PROCE SSOR INTERRUPT 

(TRQA) -—-1 

I- 

Note: Data from every conversion is transmitted 

in two bytes. (Data read cycle is less than conversion time) 


Handshake Timing Diagram: TSC800 to 6520 Peripheral Interface Adapter 
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15-Bit Plus Sign Integrating 
Analog to Digital Converter 


• BUS Compatible 

TSC800 _ • UART Interface 

Pin Configuration and Ordering Information 



Temp. 60-Pin Plastic 

Part No. Package Range TSC800CBQ Flat Package: COM 


TSC800CPL 

40-Pln Plastic 

COM 


Formed Leads 


TSC800IJL 

40-Pin CerDIP 

IND 

TSC800CSQ 

60-Pin Plastic 

Flat Package: 

COM 


TSC800MJL 40-Pin CerDIP MIL Unformed Leads 


Package Dimensions 
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TSC7109 
12-Bit Plus Sign 
Integrating A/D Converter 
• BUS Compatible 
• Serial Data Transmission w/UART 


General Description 

The TSC7109 is a 12-bit pius sign CMOS iow power A/D 
Converter. The singie CMOS IC contains ali the necessary 
active devices to interface with microprocessors. 

In direct mode, Chip Select and High/Low Byte Enables con¬ 
trol parallel bus interface. In the handshake mode the 
TSC7109 will operate with industry standard DART'S in 
controlling serial data transmission, ideal for remote data 
logging. Control and monito ring of conversion timing is 
provided by the RUN/HOLD and STATUS outputs. The 
TSC7109 requires only the addition of eight passive 
components plus a crystal to operate as a dual slope 
integrating A/D converter. The TSC7109 has features that 
make it an attractive per-channel alternative to analog 
multiplexing for many data acquisition applications. These 
features include typical input bias current of 1 pA, drift of less 
than 1 /uV/®C, input noise typically 15 mV p-p, and auto-zero. 
True differential input and reference allows the measurement 
of bridge-type transducers such as load cells, strain gauges 
and temperature transducers. 

For applications requiring more resolution see the TSC800, 
15-bit plus sign data sheet. 


Ordering Information 


Part No. 

Package 

Temp. 

Range 

TSC7109CPL 

40-Pin Plastic Dip 

0°Cto + 70°C 

TSC7109BCPL 

40-Pin Plastic Dip 

0®Cto +70° C 

TSC7109IJL 

40-Pin CerDIP 

-25°Cto +85° C 

TSC7109BIJL 

40-Pin CerDIP 

-25°Cto +85° C 

TSC7109MJL 

40-Pin CerDIP 

-55°Cto+125°C 


Features 


• 12-Bit Plus Sign Integrating A/D Converter with 
Overrange Indication 

• Sign Magnitude Coding Format 

• True Differential Signal Input and Differential Reference 
Input 

• Low Noise — Typically 15 MVp-p 

• High Normal Mode Noise and Line Frequency Rejection 

• 1 pA Typical Input Current 

• No Zero Adjustment 

• TTL Compatible Byte Organized Tri-State Outputs 

• DART Handshake Mode for Simple Serial Data 
Transmission 

• Direct Bus Connection for 8 or 16-Bit Bus — 3.58 mHz 
Crystal Provides 7.5 Conversions Per Second for 60 Hz 
Rejection — External RC Network Provides up to 30 
Conversions Per Second 

• Power Dissipation Typically Less Than 20 mW 

• Internal Voltage Reference 



Part No. 

Package 

Temp. 

Range 


60-Pin Plastic 


TSC7109CBQ 

Flat Package: 

Formed Leads 

0°Cto +70° C 


60-Pin Plastic 


TSC7109CSQ 

Flat Package: 

Unformed Leads 

0°Cto +70° C 

Devices Available with 160 Hour, +125 

°C Burn-In 

TSC7109CPL/BI 

40-Pin Plastic Dip 

0°Cto +70° C 

TSC7109IJL/BI 

40-Pin CerDIP 

25°Cto +85° C 


Test Circuit (See Figure 1 for typical connection to A DART or Microcomputer) 















TSC7109 


12-Bit Plus Sign 
Integrating A/D Converter 
• BUS Compatible 
• Serial Data Transmission w/UART 


Absolute Maximum Ratings 

Positive Supply Voltage (GND to V*) . +6.2 V 

Negative Supply Voltage (GND to V’) .. -9 V 

Analog Input Voltage (LOW or HIGH) (Note 1) ... V* to V 
Reference Input Voltage (LOW or HIGH) (Note 1).. V*to V 
Digital Input Voltage 

(Pins 2-27) (Note 2) . GND -0.3 V 

Power Dissipation (Note 3) 

Ceramic Package .... 1 W @ +85®C 

Plastic Package . 500 mW @ +70® C 

Operating Temperature 

Ceramic Package (M) . -55®C < Ta +125®C 

(I) . -25®C<Ta<+85®C 

Plastic Package (C) . 0 ®C<Ta^+70®C 

Storage Temperature . -55®C < Ta ^+125®C 

Lead Temperature (Soldering, 60 sec.) .. +300® C 

This device contains circuitry to protect the inputs from damage due to high 
static voitage or eiectric fields. It is advised that voltages great than those listed 


under absolute maximum ratings, may cause permanent damage to the 
devices. Normal precautions should be taken to avoid application of any 
voltage higher than maximum ratings. 

Notes: 

1. Input voltages may exceed the supply voltages if the input current is limited 
to±100MA. 

2. Connecting any digital inputs or outputs to voltages greater than or less 
than GND may cause destructive device latchup. Therefore, it is recom¬ 
mended that inputs from sources other than the same power supply should 
not be applied to the TSC7109 before its power supply is established. In 
multiple supply systems, the supply to the TSC7109 should be activated 
first. 

3. This limit refers to that of the package and will not occur during the normal 
operation. 

4. HANDLING PRECAUTIONS: These devices are CMOS and must be han¬ 
dled correctly to prevent damage. Package and store only in conductive 
foam, anti-static tubes or other conducting material. Use proper anti-static 
handling procedures, Do not connect in circuits under "power-on” condi¬ 
tions, as high transients may cause permanent damage. 


Electrical Characteristics: AII parameters with V+ = +5 V, V-=-5 V, GND=O V, Ta= 25“ C, unless otherwise indicated. 
Test circuit as shown on page 1._ 






TEST 


TSC7109 


TYPE 

NO. 

SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNIT 


1 


Zero Input Reading 

ViN = 0.0 V 

Full-Scale = 409.6 mV 

-OOOOs 

±00008 

+00008 

Octal 

Reading 


2 


Ratiometric Reading 

ViN = Vref 

Vref = 204.8 mV 

37778 

37778 

40008 

40008 

Octal 

Reading 




Non-Linearity (Max. 

Full-Scale = 409.6 mV 






3 

NL 

Deviation From Best 

to 4.096 V Over Full 

-1 

±.2 

+1 

Counts 




Straight Line Fit) 

Operating Temp. Range. 








Roll-Over Error (Difference 

Full-Scale = 409.6 mV 






4 


in Reading for Equal Pos. and 

to 4.096 V Over Full 

-1 

±.2 

+1 

Counts 




Neg. Inputs Near Full-Scale) 

Operating Temp. Range. 






5 

CMRR 

Input Common-Mode 

Rejection Ratio 

VCM ±1 V ViN = 0 V 

Full-Scale = 409.6 mV 

- 

50 

- 

)uV/V 

A 

6 

VCMR 

Common-Mode Range 

Input High, Input Low, Common 

V- +1.5 

- 

p 

1 

+ 

> 

V 

N 

A 

7 


Noise (p-p value not 

Exceeded 95% of Time) 

ViN = 0 V 

Full-Scale = 409.6 mV 

- 

15 

~ 

mV 

L 




ViN = 0 All Packages 25° C 

— 

1 

10 

pA 


8 

IlN 

Leakage Current at Input 

TSC7109CPL 0°C < Ta < +70° C 

— 

20 

100 

pA 

0 

TSC7109 

TSC7109IJL -25° C < Ta < +85°C 

— 

100 

250 

pA 

G 




TSC7109MJL -55.°C < Ta < +125°C 

— 

2 

5 

nA 


9 

IlN 

Leakage Current at Input 
TSC7109B 

ViN = 0 All Packages 25°C 
TSC7109BCPL 0°C < Ta < +70° C 

— 

1 

10 

500 

pA 

pA 




TSC7109BIJL -25° C < Ta < +85° C 

— 

— 

750 

pA 


10 

TCzs 

Zero Reading Drift 

ViN = 0 V 

- 

0.2 

1 

mV/°c 


11 

TCfs 

Scale Factor 

Temperature Coefficient 

ViN = 408.9 mV = >77708 

Reading 

Ext. Ref. 0 ppm/°C 

- 

1 

5 

ppm/°C 


12 

1 + 

Supply Current 

V+ to GND 

ViN = 0, Crystal Osc. 

3.58 MHz Test Circuit 

- 

700 

1500 

mA 


13 

ISUPP 

Supply Current V+ to V~ 

Pins 2-21, 25, 26, 27, 29, Open 

- 

700 

1500 

mA 


14 

Vref 

Ref Out Voltage 

Referred to V^, 25 kfl 

Between V'*' and Ref Out 

-2.4 

-2.8 

-3.2 

V 


Ts” 

TCref 

Ref Out Temp. Coefficient 

25 kfl Between V*" andl^ef Out 

- 

80 

- 

ppm/°C 
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12-Bit Plus Sign 
Integrating A/D Converter 
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Electrical Characteristics: aii parameters with v+ = +5 v, v-=-5 v, gnd = o v, ta 

Test circuit as shown on page 1. 

o 

10 

CM 

11 

C, unless otherwise indicated. 

TYPE 

NO. 

SYMBOL 

PARAMETER 


TEST 

CONDITIONS 

MIN 

T8C7109 

TYP 

MAX 


UNIT 


16 

VOH 


Output High Voltage 


louT = 100 /uA 

Pins 2-16, 18, 19, 20 

3.5 

4.3 

- 


V 


17 

VOL 


Output Low Voltage 


louT = 1.6 mA 

- 

0.2 

0.4 


V 


18 



Output Leakage Current 

Pins 3-16 High Impedance 

- 

±.01 

±1 


mA 

D 

I 

19 



Control I/O 

Pullup Current 


Pins 18, 19, 20 VouT = V+ 

-3 V MODE Input at GND 

- 

5 

- 



Q 

20 



Control I/O Loading 


HBEN Pin 19 LBEN Pin 16 

- 

-- 

50 


PF 

I 

T 

A 

21 

ViH 


input High Voltage 


Pins 18-21, 26, 27 
referred to GND 

2.5 

- 

- 


V 

L 

22 

ViL 


Input Low Voltage 


Pins 18-21, 26, 27 

Referred to GND 

- 

- 

1 


V 


23 



Input Pullup Current 


Pins 26, 27 VoUT = V+ -3 V 

- 

5 

— 


mA 


24 



Input Pullup Current 


Pins 17, 24 VoUT = V+-3 V 

— 

25 

— 


mA 


25 



Input Pulldown Current 

Pin 21, Vout = GND+3V 

- 

5 

- 


mA 


26 

OOH 


Oscillator Output 

High 

VoUT = 2.5 V 

- 

1 

- 


mA 


OOL 


Current 

Low 

VouT = 2.5 V 

- 

1.5 

- 


mA 


27 

BOoh 

Buffered Oscillator 

High 

VoUT = 2.5 V 

- 

2 

— 


mA 


BOol 

Output Current 

Low 

VoUT = 2.5 V 

- 

5 



mA 


28 

tw 


MODE Input Pulse Width 


50 

- 

- 


ns 

Pin Description 

40-Pin DIP 60-Pin 

Pin Number Flat Package 

Normal/(Reverse) Pin Number Name 


Description 






1 



9 

GND 


Digital Ground, 0 V, Ground Return for all digital logic. 




2 



10 

STATUS 


Output High during integrate and deintegrate until data is latched. Output 
Low when analog section is in Auto-Zero configuration. 

3 



11 

POL 


Polarity — High for Positive Input. 






4 



12 

OR 


Overrange — High if Overranged. 






5 



13 

Bi2 


Bit 12 (Most Significant Bit). 






6 



18 

Bii 


Bit 11. 






7 



19 

Bio 


Bit 10. 






8 



20 

Bg 


Bit 9. 





All 

9 



21 

Be 


Bit 8. 





V three 

10 



22 

By 


Bit 7. 




1 

state 

11 



24 

Be 


Bit 6 





output 

12 



25 

Be 


Bit 5. 





data 

13 



26 

B4 


Bit 4. 





bits 

14 



27 

B3 


Bit 3. 






15 



28 

B2 


Bit 2. 






16 



33 

Bi 


Bit 1 (Least Significant Bit). 




> 


17 



34 

TEST 


Input High — Normal Operation. Input Low — Forces all bit outputs high. 
Note: This input is used for test purposes only. 
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Pin Description (Cont.) 


40-Pln DIP 60-Pln 

Pin Number Flat Package 

Normai/(Rever8e) Pin Number 

Name 

Description 

18 

35 

LBEN 

Low Byte Enable - With MODE (Pin 21) low, and CE/CC7TO (Pin 20) low, 
taking this pin low activates low order byte outputs B1-B8. With MODE (Pin 
21 ) high, this pin serves as low byte flag output used in handshake 
mode. See Figures 7, 8, 9. 

19 

36 

HBEN 

High Byte Enable - With MODE (Pin 21) low, and 5P/CSSD (Pin 20) low, 
taking this pin low activates high order byte outputs B9-B12, POL, OR. With 
MODE (Pin 21) high, this pin serves as high byte flag output used in hand¬ 
shake mode. See Figures 7, 8. 9. 

20 

37 

Cl/LOAD 

Chip Enable Load — With MODE (Pin 21)low, CE/LOAD serves as a master 
output enabie. When high, B1-B12, POL, OR outputs are disabled. When 
MODE (Pin 21) low, a load strobe used in handshake mode. 

See Figures 7, 8, 9. 

21 

39 

MODE 

input Low — Direct output mode where CE/l6ad (Pin 20), RSIR (Pin 19) 
and LBEN (Pin 18) act as inputs directly controlling byte outputs. Input 
Pulsed High — Causes immediate entry into handshake mode and output of 
data as in Figure 9. Input High — Enables CE/LOAb (Pin 20), HBSN (Pin 19), 
and LBEN (Pin 18) as outputs, handshake mode will be entered and data 
output as in Figures 7 and 8 at conversions completion. 

22 

40 

OSC IN 

Oscillator Input 

23 

41 

OSC OUT 

Oscillator Output 

24 

42 

OSC SEL 

Oscillator Select — Input high configures OSC IN, OSC OUT, BUF OSC 
OUT as RC oscillator — clock will be same phase and duty cycle as BUF 
OSC OUT. Input low configures OSC IN, OSC OUT for crystal oscillator — 
clock frequency will be 1/58 of frequency at BUF OSC OUT. 

25 

43 

BUF OSC OUT 

Buffered Oscillator Output. 

26 

48 

RUN/HOLD 

Input High — Conversions continuously performed every 8192 clock pulses. 
Input Low — Conversion in progress completed, converter will stop in Auto- 
Zero seven counts before integrate. 

27 

49 

SEND 

Input — Used in handshak^modeto indicate ability of an external device to 
accept data. Connect to Vs if not used. 

28 

50 

V" 

Analog Negative Supply — Nominally -5 V with respect to GND (Pin 1). 

29 

51 

REF OUT 

Reference Voltage Output — Nominally 2.8 V down from V+ (Pin 40). 

30 

52 

BUFFER 

Buffer Amplifier Output. 

31 

54 

AUTO-ZERO 

Auto-Zero Node — Inside foil of Caz. 

32 

55 

INTEGRATOR 

Integrator Output — Outside foil of Cint. 

33 

56 

COMMON 

Analog Common — System is Auto-Zeroed to COMMON. 

34 

57 

INPUT LOW 

Differential Input Low Side. 

35 

59 

INPUT HIGH 

Differential Input High Side. 

36 

1 

REF IN + 

Differential Reference Input Positive. 

37 

3 

REF CAP + 

Reference Capacitor Positive. 

38 

5 

REF CAP - 

Reference Capacitor Negative. 

39 

6 

REF IN - 

Differential Reference Input Negative. 

40 

7 

V+ 

Positive Supply Voltage — Nominally +5 V with respect to GND (Pin 1). 

NOTE: All digital levels are positive true. 
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Pin Configuration 


GND pr 

-- 

• 

40 1 

STATUS I 2 


3 

POL [ 3 


38 1 

OR 


13 

B12 pi” 


36 1 

B11 1 6 


35 1 

BIO [ 7 


3 

B9 [ 8 


33 1 

B8 Ls 

TSC7109 

32 1 

B7 [ 10 



B6 1 11 


30 1 

B5 QF 


29 1 

B4 QF 


28 1 

B3 QF 


3 

B2 QF 


26 1 

B1 [j^ 


a 

TEST I 17 


a 

LBEN 1 18 


a 

HBEN QF 


a 

CE/LOAD [IF 


a 


v+ 

REF IN- 
REF CAP- 
REF CAP+ 

REF IN+ 

IN HI 

IN LO 

COMMON 

INT 

AZ 

BUF 

REF OUT 

V- 

SEND 

run/hoTd 

BUF OSC OUT 
OSC SEL 
OSC OUT 
OSC IN 
MODE 



2. PINS 8, 23, 38 AND 53 ARE CONNECTED 
TO THE DIE SUBSTRATE. THE POTENTIAL AT THESE PINS IS 
APPROXIMATELY V+. NO EXTERNAL CONNECTIONS SHOULD BE 
MADE. 



Figure 1A: TSC7109 UART Interface. Send Any Word to UART to Transmit Latest Result. 


8-33 


W TELEDYNE SEMICONDUCTOR 





TSC7109 


12-Bit Plus Sign 
integrating A/D Converter 
• BUS Compatible 
• Serial Data Transmission w/UART 



Figure 1B: TSC7109 Parallel Interface with 8048/8049 Microcomputer 


Detailed Description 
Analog Section 

Figure 2 shows a block diagram of the Analog Section of the 
TSC7109. The circuit will perform conversions at a rate deter¬ 
mined by the cl ock fre quency (8192 clock periods per cycle), 
when the RUN/HOLD input is left open or connected to V+. 
Each measurement cycle is divided into three phases as 
shown in Figure 3. They are: (1) Auto-Zero (AZ), (2) Signal 
Integrate (INT), (3) Reference Deintegrate (DE). 


Auto-Zero Phase 

The buffer and the integrator inputs are disconnected from 
input high and input low and connected to analog common. 
The reference capacitor is charged to the reference voltage. 
A feedback loop is closed around the system to charge the 
auto-zero capacitor, Caz, to compensate for offset voltage in 
the buffer amplifier, integrator, and comparator. Since the 
comparator is inciuded in the loop, the A-Z accuracy is 
limited only by the noise of the system. The offset referred to 
the input is less than 10 /uV. 
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Signal Integrate Phase 

The buffer and integrator inputs are removed from 
COMMON and connected to input high and input low. The 
auto-zero loop is opened. The auto-zero capacitor is placed 
in series in the loop to provide an equal and opposite 
compensating offset voltage. The differential voltage 
between input high and input low is integrated for a fixed time 
of 2048 clock periods. At the end of this phase, the polarity of 
the integrated signal is determined. If the input signal has no 
return to the converter power supply, input low can be tied to 
analog common to establish the correct common-mode 
voltage. 

De-Integrate Phase 

Input high is connected across the previously charged ref¬ 
erence capacitor and input low is internally connected to 
analog common. Circuitry within the chip ensures that the 
capacitor will be connected with thecorrectpolaritytocause 
the integrator output to return to the zero crossing (estab¬ 
lished by AUTO-ZERO) with a fixed slope. The time, repre¬ 
sented by the numberofclock periodscountedforthe output 
to return to zero, is proportional to the input signal. 


signal drives the integrator positive when most of its swing 
has been used up by the positive common-mode voltage. In 
such cases, the integrator swing can be reduced to less than 
the recommended ±4 V full-scale value, with some loss of 
accuracy. The integrator output can swing to within 0.3 volts 
of either supply without loss of linearity. 


Differential Reference 


The reference voltage can be generated anywhere within the 
power supply voltage of the converter. Rollover voltage is the 
main source of common-mode error. It is caused by the ref¬ 
erence capacitor losing or gaining charge due to stray 
capacity on its modes. With a large common-mode voltage, 
the reference capacitor can gain charge (increase voltage) 
when called up to de-integrate a positive signal and lose 
charge (decrease voltage) when called up to de-integrate a 
negative input signal. This difference in reference for (+) or 
(-) input voltage will cause a roll-over error. This error can be 
held to less than 0.5 count worst case by using a large 
reference capacitor in comparision to the stray capacitance. 
To minimize roll-over error from these above sources keep 
the reference common-mode voltage near or at analog 
common. 



Differential Input 

The TSC7109 has been optimized for operation with analog- 
common near digital ground. With +5 V and -5 V power sup¬ 
plies, a full ±4 V full-scale integrator swing maximizes the 
analog section’s performance. 

Atypical CMRR of 86 dB is achieved for input differential vol¬ 
tages anywhere within the common-mode range of 0.5 volts 
below the positive supply to 1.0 volts above the negative 
supply. However, since the integrator also swings with the 
common-mode voltage, care must be exercised to assure the 
integrator output does not saturate. A worst case condition is 
near a full-scale negative differential input voltage with a 
large positive common-mode voltage. The negative input 


Digital Section 

The digital section is shown in block diagram Figure 4 and 
includes the clock oscillator and scaling circuit, a 12-bit 
binary counter with output latches and TTL-compatible 
three-state output drivers, UART handshake logic, polarity, 
overrange and control logic. Logic levels are referred to as 
“low”or “high”. The actual logic levels are defined in Table 1 
“Operating Characteristics.” 

Inputs driven from TTL gates should have 3-5 k pullup 
resistors added for maximum noise immunity. For minimum 
power consumption, all inputs should swing from GND (low) 
to V^(high). 


INTEGRATOR 

OUTPUT 

INTERNAL CLOCK 

INTERNAL LATCH 
STATUS OUTPUT 


ZERO CROSSING 
OCCURS 



ZERO CROSSING 
DETECTED 


DEINT PHASE III ■ 


nr aruiTL juitul jinrurr TJLTLTLrLr 
!_^^_h_ 



NUMBER OF COUNTS TO ZERO CROSSING 
PROPORTIONAL TO V|n 


4096 COUNTS_ 

MAX 

AFTER ZERO CROSSING, 
ANALOG SECTION WILL 
BE IN AUTOZERO 
CONFIGURATION 


Figure 3: Conversion Timing (RUN/HOLD Pin High) 
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L_ HIGH ORDER 

r BYTE OUTPUTS 


LOW ORDER _ J 

BYTE OUTPUTS H 


TEST 


POL OR 12 11 10 9 I 8 


7 


5 4 


2 1 



OUT 


Figure 4: Digital Section 


STATUS Output 

During a conversion cycle, the STATUS output goes high at 
the beginning of Signal Integrate and goes low one-half 
clock period after new data from the conversion has been 
stored in the output latches. See Figure 3. The signal may be 
used as a “data valid” flag to drive interrupts, or for 
monitoring the status of the converter. (Data will not change 
while STATUS is low). 

MODE Input 

The output mode of the converter is controlled by the MODE 
input. The converter is in its “Direct” output mode, when the 
MODE pin is low or left open. The output data is directly 
accessible under the control of the chip and byte enable 
inputs (this input is provided with a pulldown resistor to 
ensure a low level when the pin is left open). When the MODE 
input is pulsed high, the converter enters the UART 


handshake mode and outputs the data in two bytes, then 
returns to “direct” mode. When the MODE input is kept high, 
the converter will output data in the handshake mode at the 
end of every conversion cycle with MODE = 0 (Direct BUS 
Transfer) the send input should be tied to V . (See Handshake 
Mode Section). 


RUN/HOLD Input 

With RUN/HOLD high or open, the circuit operates normally 
as a dual slope A/D as shown in Figure 3. Conversion cycles 
operate continuously with the output latches updated after 
zero crossing in the de-integrate mode. An internal pullup 
resistor is provided to insure a high level with an open input. 

The RUN /HOLD may be used to shorten conversion time. If 
the RUN/HOLD goes low at anytime after zero crossing in the 
de-integrate mode, the circuit will jump to auto-zero and 
eliminate that portion of time normally spent in de-integrate. 


INTEGRATOR 

OUTPUT 

INTERNAL CLOCK 
INTERNAL LATCH 
STATUS OUTPUT 
RUN/HOLD INPUT 



Figure 5: TSC7109 RUN/HOLD Operation 
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If RUN/HOLD stays or goes low the conversion will complete 
with minimum time in de-integrate. It will stay in auto-zero for 
the minimu m time and wait in auto-zero for a high in the 
RUN/HOLD input. As shown in Figure 5, th e STAT US output 
will go high seven clock periodsafter RUN/HOLD ischanged 
to high, and the converter will begin the integrate phase of 
the next conversion, 

The RUN/HOLD input allows controlled conversion 
interface. The converter may be held at idle in auto-ze ro with 
RUN/HOLD low. The conversion is started when RUN/HOLD 
goes high and the new data is valid when the STATUS output 
goes low (or is tran sferred to the UART — see Handshake 
Mode.) RUN/HOLD may now go low, terminating de- 
integrate and ensuring a minimum auto-zero time before 
stopping to wait for the next conv ersion . Conversion time can 
be minimized by ensuring RUN/HOLD goes low during de- 
integrate, after zero crossing, and goes high afte r the h old 
point is reached. The required activity on the RUN/HOLD in¬ 
put can be provided by connecting it to the Buffered 
Oscillator output. In this mode, the input value measured 
determines the conversion time. 

Direct Mode 

The dgta outputs (bits 1 through 8 low order byte, bits 9 
through 12, polarity and overrange high order byte) are 
accessible under control of the byte and chip enable termi¬ 
nals as inputs with the MODE pin at a low level. These three 
inputs are all active low. Internal pullup resistors are provided 
for an inactive high level when left open. When the chip 
enable input is low, a byte enable input low will allow the 
outputs of that byte to become active. A variety of parallel 
data accessing techniques may be used, as shown in the 
section entitled “Interfacing." (See Figure 6 and Table 3) 

The access of data should be synchronized with the con¬ 
version cycle by monitoring the STATUS output. This will 
prevent accessing the data whiie it is being updated and 
eliminate the acquisition of erroneous data. 



Figure 6: TSC7109 Direct Mode Output Timing 


Symbol 

Description 

Min. 

Typ. 

Max. 

Units 

tBEA 

Byte Enable Width 

350 

220 


ns 

tOAB 

Data Access Time 
from Byte Enable 


150 

350 

ns 

tCHB 

Data Hold Time 
from Byte Enable 


150 

300 

ns 

tCEA 

Chip Enable Width 

400 

260 


ns 

tDAC 

Data Access Time 
from Chip Enable 


260 

400 

ns 

tDHC 

Data Hold Time 
from Chip Enable 


240 

400 

ns 


Table 3. TSC7109 Direct Mode Timing Requirements 
Handshake Mode 


An alternative means of interfacing the TSC7109 to digital 
systems is provided when the handshake output mode of the 
TSC7109 becomes active in controlling the flow of data 
instead of passively responding to chip and byte enable 
inputs. This mode allows a direct Interface between the 
TSC7109 and industry-standard UART’s with no external 
logic required. The TSC7109 provides all the control and flag 
signals necessary to sequence the two bytes of data into the 
UART and initiate their transmission in serial form when 
triggered into the handshake mode. The cost of designing 
remote data acquisition stations is reduced using serial data 
transmission to minimize the number of lines to the central 
controlling processor. 



The MODE pin controls the handshake mode. When the 
MODE terminal is held high, theTSC7109will enterthe hand¬ 
shake mode after new data has been stored in the output 
latches at the end of every conversion performed (see 
Figures 7 and 8). Entry into the handshake mode may be 
triggered on demand by the MODE terminal. At any time 
during the conversion cycle, the low to high transition of a 
short pulse at the MODE input will cause immediate entry 
into the handshake mode. If this pulse occurs while new data 
is being stored, the entry into handshake mode is delayed 
until the data is stable. The MODE input is ignored in the 
handshake mode, and until the converter completes the 
output cycle and clears the handshake mode data updating 
will be inhibited (see Figure 9). 


When the MODE input is high or when the converter enters 
the handshake mode, the chip and byte enable terminals 
become TTL-compatible outputs which provide the output 
cycle control signals (see Figures 7,8 and 9). 


The SEND input is used by the converter as an indication of 
the ability of the receiving device (such as a UART) to accept 
data in the handshake mode. The sequence of the output 
cycle with SEND held high is shown In Figure 7. The hand¬ 
shake mode (Intern al MODE high ) Is e ntered a fter the data 
latch pulse (the CE/LOAD, LBEN and HBEN terminals are 
active as outputs since MODE remains high). 


The high level at the SEND input is sensed on the same high 
to low internal clock edge. On the next low to high internal 
clock edge the high-order byte (bi ts 9 throug h 12, PO L, and 
OR) outputs are enabled and the CE/LOAD and the HBEN 


8 - 37 


W TELEDYNE SEMICONDUCTOR 







TSC7109 




12-Bit Pius Sign 
integrating A/D Converter 
• BUS Compatible 
Serial Data Transmission w/UART 


outputs assume a low level. The CE/LOAD output remains 
low for one full Internal clock period only; the data outputs 
remain active for 1-1/2 internal clock periods: and the high 
byte enab le remains low for two clock periods. The 
CE/LOAD output low level or low to high edge may be used 
as a synchronizing signal to ensure valid data, and the byte 
enable as an output may be used as a byte identification flag. 
With SEND rem ain i ng hig h th e conve rter completes the out¬ 
put cycle using CE/LOAD and LBEN while the low order byte 
outputs (bits 1 through 8) are activated. When both bytes are 
sent the handshake mode is terminated. The typical UART 
interfacing timing is shown in Figure 8, The SEND input Is 
used to delay portions of the sequence, or handshake to 
ensure correct data transfer. This timing diagram shows an 
industry-standard HD6402 or CDP1854 CMOS UART to 
interfacing serial data channels. The SEND input to the 
TSC7109 is driven by the TBRE (Tran smitter Buf fer Register 
Empty) output of the UART, and the CE/LOAD terminal of 
the TSC7109 drives the TBRL (Transmitter Buffer Register 
Load) input to the UART. The eight transmitter Buffer 
Register inputs accept the parallel data outputs. With the 
UART Transmitter Buffer Register empty, the SEND Input 
will be high when the handshake mode is entered after new 
data is s tored. The high order byte outputs become active 
and the CE/LOAD an d HBEN t erminals will go low after 
SEND is sensed. When CE/LOAD goes high at the end of one 
clock period, the high order byte data is clocked into the 
UART Transmitter Buffer Register. The UART TBRE output 
will go low, which halts the output cycle with the HBEN 


output low, and the high order byte outputs active. When the 
UART has transferred the data to the Transmitter Register 
and cleared the Transmitter Buffer Register, the TBRE 
returns high. The high order byte outputs are disabled on the 
next TSC7109 internal clo ck hig h to low edge, and one-half 
internal c lock later, the HBEN output returns high. The 
CE/LOAD and LBEN outputs go low at the same time as the 
low order byte outputs become active. When the CE/LOAD 
returns high at the end of one clock period, the low order data 
is clocked into the UART Transmitter Buffer Register, and 
TBRE again goes low. The next TSC7109 internal clock high 
to low edge will sense when TBRE returns toa high, disabling 
the data outputs. One-half int ernal clock l ater, th e hand shake 
mode is cleared, and the CE/LOAD, HBEN and LBEN 
terminals return high and stay active, if MODE still remains 
high. 

Handshake output sequences may be performed on demand 
by triggering the converter into handshake mode with a low 
to high edge on the MODE input. A handshake output 
sequence triggered is shown In Figure 9. The SEND input is 
low when the converter enters handshake mode. The whole 
output sequence is controlled by the SEND input, and the se¬ 
quence for the first (high order) byte is similar to the se¬ 
quence for the second byte. 

This diagram also shows that the output sequence takes lon¬ 
ger than a conversion cycle. New data will not be latched 
when the handshake mode is still in progress and is therefore 
lost. 



Figure 7: TSC7109 Handshake with Send Input Heid Positive 
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INTEGRATOR 

OUTPUT 


INTERNAL 

CLOCK 

INTERNAL 

LATCH 

STATUS 

OUTPUT 

MODE 

INPUT 


INTERNAL 

MODE 

SEND INPUT 
(UART TBRE) 


CE/LOAD OUTPUT 
(UART TBRL) 


HBEN 


HIGH BYTE 
DATA 


LBEN 


LOW BYTE 
DATA 



= DON'T CARE 


-— = THREE-STATE HIGH IMPEDANCE 


Figure 8: TSC7109 Handshake — Typical UART Interface Timing 


ZERO CROSSING OCCURS 



ZER O CROSSING DETECTED 



Figure 9: TSC7109 Handshake Triggered by Mode Input 
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Oscillator 

The oscillator may be overdriven, or may be operated as an 
RC or crystal oscillator. The OSCILLATOR SELECT Input 
optimizes the internal configuration of the oscillator for RC 
or crystal operation. The OSCILLATOR SELECT Input is 
provided with a pullup resistor. When the OSCILLATOR 
SELECT input is high or left open, the oscillator is configured 
for RC operation. The internal clock will be the same fre¬ 
quency and phase as the signal atthe BUFFERED OSCILLA¬ 
TOR OUTPUT. Connect the resistor and capacitor as in 
Figure 10. The circuit will oscillate at a frequency given by f = 
0.45/RC. a 100 k resistor is recommended for useful ranges of 
frequency. The capacitor value should be chosen such that 
2048 clock periods are close to an integral multiple of the 60 
Hz period for optimum 60 Hz line rejection. 

With OSCILLATOR SELECT Input low, two on-chip capa¬ 
citors and a feedback device are added to the oscillator. In 
this configuration, the oscillator will operate with most cry¬ 
stals in the 1 to 5 MHz range with no external components 
(Figure 11). The OSCILLATOR SELECT input low inserts a 
fixed ^58 divider circuit between the BUFFERED OSCILLA¬ 
TOR OUTPUT and the internal clock. A 3.68 MHz TV crystal 
gives a division ratio providing an integration time given by: 

58 

T=?(2048ciockperiods) —- ■ = 33.18 ms 

o.Oo IVIMZ 

The error is less than one percent from two 60 Hz periods or 
33.33 ms which will give better than 40 dB, 60 Hz rejection. 
The converter will operate reliably at conversion rates of up 
to 30 per second, corresponding to a clock frequency of 
245.8 kHz. 




When the oscillator is to be overdriven, the OSCILLATOR 
OUTPUT should be left open, and the overdriving signal 
should be applied at the OSCILLATOR INPUT. The internal 
clock will be of the same duty cycle, frequency and phase as 
the Input signal. When the OSCILLATOR SELECT is at GND, 
the clock will be 1/58 of the input frequency. 

Test input 

The counter and its outputs may be tested easily. When the 
TEST input is connected to GND, the internal clock is 
disabled, and the counter outputs are all forced into the high 
state. When the input returns to the 1/2 (V"^ -GND) voltage or 
to V'*' and one clock is input, the counter outputs will all be 
clocked to the low state. 

The counter output latched are enabled when the TEST input 
is taken to a level halfway between y and GND allowing the 
counter contents to be examined anytime. 

Component Value Selection 

The integrator output swing for full-scale should be as large 
as possible. For example, with +5 V supplies and COMMON 
connected to GND, the nominal integrator output swing at 
full-scale is ±4 V. Since the integrator output can go to 0.3 V 
from either supply without significantly affecting linearity, a 
4 V integrator output swing allows 0.7 V for variations in 
output swing due to component value and oscillator 
tolerances. With ±5 V supplies and a common-mode voltage 
range of ±1 V required, the component values should be 
selected to provide ±3 V integrator output swing. Noise and 
rollover errors will be slightly worse than in the ±4 V case. For 
large common-mode voltage ranges, the integrator output 
swing must be reduced further. This will increase both noise 
and rollover errors. To improve the performance, ±6 V 
supplies may be used. 

Integrating Capacitor 

The integrating capacitor Cint should be selected to give the 
maximum integrator output voltage swing that will not satu¬ 
rate the integratorto within 0.3 voltfromeither8upply.A±3.5 
to ±4 volt integrator output swing is nominal for the TSC7109 
with ±5 volt supplies and analog common connected to 
GND. For 7-1/2 conversions per second (61.72 kHz internal 
clock frequency) nominal values Cint and Caz are 0.16 /uF 
and 0.33 nF, respectively. These values should be changed if 
different clock frequencies are used to maintain the 
integrator output voltage swing. The value of Cint is given 

- (2048 X Clock Period) (20 m) 

Integrator Output Voltage Swing 

The Integrating capacitor must have low dielectric 
absorption to prevent rollover errors. Polypropylene 
capacitors give undetectable errors at reasonable cost up to 
86 ® C. Teflon® capacitors are recommended for the military 
temperature range. While their dielectric absorption 
characteristics vary somewhat between units, devices may 
be selected to less than 0.5 count of error due to dielectric 
absorption. 
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Integrating Resistor 

The integrator and the buffer amplifier both have a class A 
output stage with 100 /xA of quiescent current. They supply 
20 nA of drive current with negligible non-linearity. The inte¬ 
grating resistor should be large enough to remain in this very 
linear region over the input voltage range, but small enough 
that undue leakage requirements are not placed on the PC 
board. For 4.095 volt full-scale a 200 kHand for 409.6 mV full- 
scale a 20 kn are recommended. Pint may be selected for 
other values of full-scale by: 

_ Full-Scale Voltage 


Auto-Zero Capacitor 

As the auto-zero capacitor is made large the system noise is 
reduced. Since it is in parallel with the integrating capacitor, 
it forms an RC time constant that determines the error that 
exists at the end of an auto-zero cycle and speed of recovery 
from overloads. For 4.096 V full-scale where recovery is most 
important, a value of Caz equal to half of Cint should be 
used. 

For 409.6 mV full-scale where noise is very important and the 
integrating resistor is small, use a value of Caz twice Cint. 
The inner foil of Caz should be connected to pin 31 and the 
outer foil to the RC summing junction. The inner foil of Cint 
should be connected to the RC summing junction and the 
outer foil to pin 32 for best rejection of the stray pickup. For 
low leakage at temperatures above 85° C use Teflon® 
capacitors. 


common and analog high, and the offset voltage between 
common and analog low, observing polarities carefully. In 
processor-based systems using the TSC7109, it may be 
more desirable to use software and perform this type of 
scaling or tare subtraction digitally. 


Reference Sources 

A major factor in the absolute accuracy of the converter is 
the stability of the reference voltage. The 12-bit resolution of 
the TSC7109 is one part in 4096, or 244 ppm. Thus, for the on¬ 
board reference temperature coefficient of 80 ppm/°C a 
temperature difference of 3°C will introduce a one-bit abso¬ 
lute error. Where the ambient temperature is not controlled 
or where high-accuracy absolute measurements are being 
made it is recommended that an external high-quality refer¬ 
ence be used. 


A Reference Output (pin 29) is provided which may be used 
with a resistive divider to generate a suitable reference 
voltage. 20 mA may be sunk without significant variation in 
output voltage. A pullup bias device is provided which 
sources about 10 juA. The output voltage is nominally 2.8 V 
below V . When using the on-board reference. Ref Out (pin 
29) should be connected to Ref — (Pin 39), and Ref + should 
be connected to the wiper of a precision potentiometer 
between Ref Out and V'*’. The test circuit shows the circuit for 
a 204.8 mV reference, generated by a 2 kn precision poten¬ 
tiometer in series with a 24 kn fixed resistor. 


8 


Interfacing 
Direct Mode 


Reference Capacitor 

A1 /uF capacitor is recommended for most circuits. However, 
where a large common-mode voltage exists a larger value is 
required to prevent rollover error (for example; the reference 
low is not analog common) and a 409.6 mV scale is used. The 
rollover error will be held to 0.5 count with a 10 /uFcapacitor. 
For temperatures above 80°C use Teflon® or equivalent 
capacitors for their low leakage characteristics. 

Reference Voitage 

To generate full-scale output of 4096 counts the analog input 
required is Vin = 2 Vref. For a 4.096 V full-scale use a refer¬ 
ence of 2.048 V. In many applications where the A/D is con¬ 
nected to a transducer, there will exist a scale factor between 
the input voltage and the digital reading. For instance, in a 
measuring system, the designer might like to have a full- 
scale reading when the voltage from the transducer is 700 
mV. Instead of dividing the input down to 409.6 mV, the 
designer should use the input voltage directly and select 
Vref = 350 mV. Suitable values for Integrating resistor and 
capacitor would be 34 k and 0.15 )uF. This makes the system 
slightly quieter and also avoids a divider network on the 
input. Another advantage of this system occurs when 
temperature and weight measurements with an offset or tare 
are desired for non-zero input. The offset maybe introduced 
by connecting the voltage output of the transducer between 


Combinations of chip enable and byte enablecontrol signals 
which may be used when interfacing the TSC7109 to parallel 
data lines as shown in Figure 12. The CE/LOAD input maybe 
tied low, allowing either byte to be contr olled by it s own 
enable (Figure 12A). Figure 12B shows the HBEN and LBEN 
as flag inputs, and CE/LOAD as a master enable, which 
could be the READ strobe available from most microproces¬ 
sors. Figure 12C shows a configuration where th e two byte 
enables are co nnecte d tog ether . The CE/LOAD is a chip 
enable, and the HBEN and LBEN may be used as a second 
chip enable or connected to ground. The 14 data outputs will 
be enabled at the same time. In the direct MODE, SEND 
should be tied to V"^. 

Figure 13 interfaces several TSC7109’s to a bus, ganging the 
HBEN an d LBEN sig nals to several converters together, and 
using the CE/LOAD inputs to select the desired converter. 

Figures 14-19 give practical circuits utilizing the parallel tri¬ 
state output capabilities of the TSC7109. Figure 14 shows 
parallel interface to the intel MCS-48, -80 and -85 systems via 
an 8255 PPI, where the TSC7109 data outputs are active at all 
times. The 8155 I/O ports may be used in an identical 
manner. This interface can be used in an identical manner. 
This interface can be used in a read-after-update sequence, 
as shown in Figure 15. The data is accessed by the high to 
low transition of the STATUS driving an interrupt to the 
microprocessor. 
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Figure 12: Direct Mode Chip and Byte Enable Combinations 


The RUN/HOLD input is also used to initiate conversions 
under software control. Figure 16 gives an Interface to 
Motorola MC6800 or MOS technology MCS650X systems. 

An interrupt is generated through the control Resistor B, 
CB1 line from th e high to low transition of the STATUS 
output. The RUN/HOLD pin is controlled by CB2 through 
Control Register B, allowing software control of con¬ 
versions. 

Direct interfacing to most microprocessor busses is easily 


accomplished through the tri-state output of the TSC7109. 

Figures IB, 17 and 18 are typical connection diagrams. To be 
sure that requirements for setup and hold times, minimum 
pulse widths, and the drive limitations on long busses are 
met, it is necessary to carefully consider the system timing in 
this type of interface. This type of interface is used when the 
memory peripheral address density is low providing simply 
address decoding. Interrupt handling can be simplified by 
using an interface to reduce the component count. 


CONVERTER CONVERTER CONVERTER 

SELECT SELECT SELECT 



Figure 13: Three-Stating Severai TSC7109’s to a Smaii Bus 
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Figure 14: Full-Time Parallel Interface to MCS-48, -80, -85 Microcomputer Systems 



Figure 15: Full-Time Parallel Interface to MCS-48, -80, -85 Microcomputers with Interrupt 
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ADDRESS DATA CONTROL 

BUS BUS BUS 


Figure 16: Full-Time Parallel Interface to MC6800 or MCS650X Microprocessors 



Figure 17; Direct Interface ~ TSC7109 to 8080/8085 
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Handshake Mode 

The handshake mode provides an interface to a wide variety 
of external devices. The byte enables may be used as byte 
identification flags or as load enab les and ex ternal latches 
may be clocked bytherisingedgeofCE/LOAD. A handshake 
interface to Intel microprocessors using an 8255 PPI as 
shown in Figure 19. The handshake operation with the 8255 is 
controlled by inverting Its Input Buffer Full (IBF) flag to drive 
the SEND input to the TSC7109, and using the CE/LOAD to 
drive the 8255 strobe. The internal control register of the PPI 
should be set in MODE1 forthe port used. If the 8255 IBF flag 
is low and the TSC7109 is in handshake mode the next word 
will be strobed into the port. The strobe will cause IBF to go 
high (SEND goes low), which will keep the enabled byte out¬ 
puts active. The PPI will generate an interrupt which when 
executed will result in the data being read. The IBF will be 
reset low when the byte is read causing the TSC7109 to se¬ 
quence into the next byte. The MODE input to the TSC7109 is 
connected to the control line on the PPI. 

The data from every conversion will be sequenced in two 
bytes in the system, if this output is left high, or tied high sep¬ 
arately. (The data access must take less time than a conver¬ 
sion). The output sequence can be obtained on demand if 
this output is made to go from low to high and the interrupt 
may be used to reset the MODE bit. 

Conversions may be obtained on command under software 
control by driving the RUN/HOLD input to the TSC7109 by a 


bit of the 8255. Another peripheral device may be serviced by 
the unused port of the 8255. The 8155 may be used in a 
similar manner. The MCS650X mic ropro cessors are shown 
in Figure 20 with MODE and RUN/HOLD tied high to save 
port outputs. 

The handshake mode is particularly useful for directly inter¬ 
facing to industry standard UARTs (such as Western Digital 
TR1602) providing a means of serially transmitting 
converted data with minimum component count. 


A typical UART connection is shown in Figure 1 A. In thiscir- 
cuit, any word received by the UART causes the UART DR 
(Data Ready) output to go high. The MODE input to the 
TSC7109 goes high, triggering the TSC7109 into handshake 
mode. The high order byte is output to the UART and when 
the UART has tranferred the data to the Transmitter Register, 
TBRE (SEND) goes high again, LBEN will go high, driving 
the UART DRR (Data Ready Reset) which will signal the end 
of the transfer of data from the TSC7109 to the UART. 

An extension of the Typical Connection to several TSC7109’s 
with one UART is shown in Figure 21. In this circuit, the word 
received by the UART (availableattheRBR outputs when DR 
is high) is used to select which converter will handshake with 
the UART. Up to eight TSC7109’s may interface with one 
UART, with no external components. Up to 256 converters 
may be accessed on one serial line with additional 
components. 




ADDRESS DATA CONTROL 

BUS BUS BUS 


Figure 18: Direct TSC7109 — MC6800 Bus interface 
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Figure 19: Handshake Interface — TSC7109 to MCS-48, *80, -85 



Figure 20; Handshake Interface — TSC7109 to MC6800, MCS650X 
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Figure 21: Handshake Interface for Multiplexed Converters 


Integrating Converter Features 

The output of Integrating A/D converters represents the inte¬ 
gral or average of an input voltage over a fixed period of time. 
Compared with techniques in which the input is sampled and 
held, the integrating converter will average the effects of 
noise. A second important characteristic is that time is used 
to quantise the answer, resulting in extremely small non¬ 
linearity errors and no missing output codes. The integrating 
converter also has very good rejection of frequencies whose 
periods are an integral multiple of the measurement period. 
This feature can be used to advantage in reducing line 
frequency noise. (Figure 22) 

Crystals 

The 3.58 mHz oscillator crystal is available from: 

1. Jameco Electronics 
1366 Shoreway Road 
Belmont, CA 94002 
(415) 592-8097 
Part No. CY 3.57 


2. DIGI-KEY Corp. 

Highway 32 South 
P.O. Box 677 

Thief River Falls, MN 56701-9988 

1-800-344-4539 

Part No. X0005 



Figure 22: Normal Mode Re|ectlon of Dual-Slope 
Converter as a Function of Frequency. 
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General Description 

The TSC8700/8701/8702s are 8/10/ 12 bit monolithic CMOS 
analog-to-digital converters. Fully self-contained in a single 
24-pin dual in-line package, each converter requires only 
passive support components, reference and power supplies. 

Conversion is performed by an incremental charge balanc¬ 
ing technique which has inherently high accuracy, linearity 
and noise immunity. An amplifier integrates the sum of the 
unknown analog current and pulses of a reference current, 
and the number of pulses (charge increments) needed to 
maintain the amplifier summing junction near zero is 
counted. At the end of conversion the total count is latched 
into the digital outputs as an 8/10/12-bit binary word. 


Ordering Information 


Part No. 

Resolution 

Conv. 

Time 

Package 

Temp. 

Range 

TSC8700CJ 

8-Bit 

1.25 

mSec 

24-Pin 
Plastic Dip 

0°C to 
+70° C 

TSC8700CL 

8-Bit 

1.25 

mSec 

24-Pin 

CerDIP 

-40°Cto 
+85° C 

TSC8701CL 

10-Bit 

5.0 

mSec 

24-Pin 
CerDIP 

-40°Cto 
+85° C 

TSC8702CN 

12-Bit 

20 

mSec 

24-Pin 

Ceramic 

-40° C to 
+85° C 

Pin Configuration 



BIT 11 (MSB FOR 8702) 


24 

L] NC 


BIT 10 

2 

23 

L] DATA VALID 


BIT 9 (MSB FOR 8701) 

3 

22 

^ BUSY 


BIT 8 

4 

21 

^ INITIATE CONVERSION 


BIT 7 (MSB FOR 8700) 

B 

20 

m GND 

DIGITS 

BIT 6 

6 

19 

Zl '^DD 

OUT 

BITS L! 

7 

18 

Z Vss 


BIT 4 LI 

8 

17 

Z 'bias 


BIT 3 [L 

9 

16 

U ZERO ADJUST 


BIT 2 [L 

10 

15 

L] AMPLIFIER OUT 


BIT 1 [2 

11 

14 

Z 'in 


^ BIT 0 (LSB) m 

12 

13 

Z 'ref 

Note: 

Do not make connections to pin 1, 2, 3 or 4 on 8700; pin 1 or 2 on 8701. 

These pins are internally connected. 




Features 


• High Accuracy — Up to 12-Bit Resolution With <±1/2 LSB 
Error 

• Tight DNL of < ±1/2 LSB 








Monotonic Performance — No Missing Codes 
Monolithic CMOS Construction Gives Low Power 
Dissipation — 20 mW Typical 

Contains All Required Active Elements — Needs only 
Passive Support Components, Reference Voltage 
and Dual Power Supply 
High Stability Over Full Temperature Range 

— Gain Temperature Coefficient Typically <25 ppm/°C 

— Zero Drift Typically <30 )uV/°C 

— Differential Non-Linearity Drift Typically <25 ppm/°C 
Latched Parallel Binary Outputs 

LPTTL, 74LS, CMOS Compatible Outputs and Control 
Inputs 

Strobed or Free Running Conversion 

Infinite Input Range — Any Positive Voltage Can Be 

Applied Via a Scaling Resistor 


8 


Absolute Maximum Ratings 


Storage Temperature .-65°C to + 150°C 

Operating Temperature 

(L, N) Package . -40°Cto + 85°C 

J Package .0° to + 70° C 

Vdd -Vss . 18 V 

liN . ±10 mA 

Iref . ±10 mA 

Digital Input Voltage . -0.3 to Vdd +0.3 V 

Operating Vdd and Vss Range . 3.5 V to 7 V 

Package Dissipation . 500 mW 

Lead Temperature . 300° C 

(Soldering, 10 seconds) 


Handling Precautions 

The 8700 series are CMOS devices must be handled correctly 
to prevent damage. Package and store only in conductive 
foam, anti-static tubes or other conductive material. Use 
proper anti-static handling procedures. Do not connect in 
circuits under “power on” conditions, as high transients may 
cause permanent damage. 
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TSC8700 (8-Bit) 
TSC8701 (10-Bit) 
TSC8702 02-Bit) 


Binary Output ADCs 
• High Speed Conversion: 1-20 mSec 
_• Latched Paraiiei Outputs 


Electrical Characteristics: Unless otherwise specified, Vdd = +5 V, Vss = -5 V, Vqnd = 0, Vref = -6.4 V, Rbias = 
100 kn, test circuit shown. Ta = 25® C unless Full Temperature Range is specified (-40° C to+85° C for N and L package, 0° to 


70° C for J package). 

PARAMETER 

CONDITIONS 

DEFINITION 

MIN 

TYP 

MAX 

UNITS 

Accuracy 







Resolution 


Binary Word Length 





Accuracy 


Of Digital Output 







TSC8700 

8 

— 

— 

Bits 



TSC8701 

10 

— 

— 

Bits 



TSC8702 

12 

— 

— 

Bits 




Output Deviation From Straight 





Relative Accuracy 


Line Between Normalized 

Zero and Full-Scale Input 



±1/2 

LSB 

Differential 


Deviation From 1 LSB 


±1/4 

±1/2 

LSB 

Non-Linearity 


Between Transition Points 


Differential 

Full 

Variation in Differential 





Non-Linearity 

Temperature 

Non-Linearity Due To 

— 

±2.5 

±5 

ppm/°C 

Temperature Drift 

Range 

Temperature Change 





Gain 


Variation From Exact A (Compen- 


±2 

+5 

% of 

Variance 


sate By Trimming Rin or Rref) 


-3 

Nominal 

Gain 

Full 

Variation In A 





Temperature 

Temperature 

Due To 

— 

±25 

±75 

ppm/*" C 

Drift 

Range 

Temperature Change 






IlN = 0 

Correction at Zero Adjust to Give 





Zero Offset 

Cint = 68 pF 

Zero Output When Input Is Zero 



±80 

mV 

(TSC8700) 

Radj = 1.6 kfl 

Integration Cap. = 68 pF 




See Test Circuit. 

Radj = 1.6 kO 






I|N = 0 

Correction at Zero Adjust to Give 





Zero Offset 

CiNT = 33 pF 

Zero Output When Input Is Zero 


±10 

±50 

mV 

(TSC8700) 

Radj = 1.0 kn 

Integration Cap. = 33 pF 



See Test Circuit. 

Radj = 1.0 kO 





Zero Offset 
(TSC8701) 
(TSC8702) 

IlN = 0 

Correction at Zero Adjust to Give 





Cint = 68 pF 

Radj = 1.0 kn 

See Test Circuit. 

Zero Output When Input Is Zero 
Integration Cap. = 68 pF 

Radj = 1.0 kn 

— 

±10 

±50 

mV 

Zero Temperature 

Full Temperature 

Variation in Zero Offest Due to 


±30 

±50 

mV/°C 

Drift 

Range 

Temperature Change 


Analog Inputs 

liN Full-Scale 


Full-Scale Analog Input Current 

To Achieve Specified Accuracy 

- 

10 

- 

mA 

Iref 

(Note 1) 


Reference Current Input To 

Achieve Specified Accuracy 

- 

-20 

- 

mA 

Digital Inputs 

Vin”’ 

Full Temperature 

Logical "1” Input Threshold 

3.5 



V 

Range 

For Initiate Conversion Input 




V,n‘°’ 

Full Temperature 

Logical “0” Input Threshold 



1.5 

y 

Range 

For Initiate Conversion Input 




Digital Outputs 

Full Temp. Range 

Logical “1” Output Voltage 

4.6 



V 

VOUT*^’ 

lOUT = -10 )uA 

For Digits Out, Busy, and 

2!4 



y 


louT = -360 nA 

Data Valid Outputs 




Vout'°’ 

Full Temp. Range 

Logical “0” Output Voltage 





Vdd = 4.75 V 

For Digits Out, Busy, and 

— 

— 

0.4 

V 


louT = 360 fxA 

Data Valid Outputs 





Dynamic 

Conversion Time 

Full Temp. Range 

Time Required to Perform One 
Complete A/D Conversion 







TSC8700 

— 

1.25 

1.8 

ms 



TSC8701 

— 

5 

6 

ms 



TSC8702 

— 

20 

24 

ms 

Conversion 


TSC8700 

555 

800 

_ 

Conv’ns 

Rate in 

Vint conv = + 5 V 

TSC8701 

167 

200 

— 

per 

Free-Run Mode 


TSC8702 

42 

50 


Second 
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Binary Output ADCs 

• High Speed Conversion: 1-20 mSec 

• Latched Parallel Outputs_ 


TSC8700 (8-Bit) 
TSC8701 (10-Bit) 
TSC8702 (12-Bit) 


Electrical Characteristics (Cont.) 


PARAMETER 

CONDITIONS 

DEFINITION 

MIN 

TYP 

MAX 

UNITS 

Minimum Pulse Width 
for Initiate Conversion 

Full Temp. Range 


500 

- 

- 

ns 

Supply Current 







Idd Quiescent 
(L/N Package) 

(J Package) 

Full Temp. Range 

Current Required From Positive 

_ 

1.4 

2.5 

mA 

Vint conv - OV 

Supply During Operation 

— 

1.4 

5.0 

mA 

Iss Quiescent 
(L/N Package) 

(J Package) 

Full Temp. Range 

Current Required From Negative 

_ 

-1.4 

-2.5 

mA 

ViNIT CONV = OV 

Supply During Operation 

— 

-1.4 

-5.0 

mA 

Supply Sensitivity 

Vdd± 1V, Vss ±1.V 

Change in Full-Scale Gain vs 

Supply Voltage Change 

- 

±0.5 

±1.0 

%/V 


|Vdd| = |Vss| = 5 V±1 

Change in Full-Scale Gain vs Supply 
Voltage Change for Tracking Supplies 

- 

±0.05 

±0.1 

%/V 


NOTE: 


liN and Iref pins connect to the summing junction of an operational amplifier. 
Voltage sources cannot be attached directly but must be buffered by external 
resistors. See Test Circuit. 


Test Circuit 



BINARY OUTPUTS 


8700 8701 


Note: 

1. Any Vref greater than -1 V can be used. 
Rref= ■ 

-20 fxA 

For example with Vref = -5 V, Rref = 250 K. 


Part No. 

Radj 

CtNT 

Zero Offset Spec 

TSC8700 

1.6 ka 

68 pF 

±80 mV 

TSC8700 

1.0 ka 

33 pF 

±50 mV 

TSC8701/8702 

1.0 ka 

68 pF 

±50 mV 


Circuit Description 

During conversion the sum of a continuous current Iin and 
pulses of a reference current Iref is integrated for a fixed 
number of clock periods. Iin is proportional to the analog 
input voltage: Iref is switched in for exactly one clock period 
just frequently enough to maintain the output of the integra¬ 
tor near zero. Thus, the charge from the continuous Iin 
current is balanced against the pulses of Iref current. The 
total number of Iref pulses needed during the conversion 


period to maintain the charge balance is counted, and the 
result (in Binary) is latched into the outputs at the end of 
conversion. 

The converter contains two counters and a clock in addition 
to an operational amplifier, comparator, latching output 
buffers and housekeeping logic. One counter is a clock 
counter which (after a reset pulse) starts counting clock 
pulses; when the required count is reached, the clock coun¬ 
ter generates a pulse to start the end-of-conversion routine. 
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TSC8700 (8-Bit) 
TSC8701 (10-Blt) 
TSC8702 (12-Bit) 


Binary Output ADCs 
• High Speed Conversion: 1-20 mSec 
_* Latched Paraiiei Outputs 


Timing Diagrams (Rise, fan times = 200 ns typ., cl = so pf) 



FREE-RUN MODE 




_^ 



' \_/ 

/ 



’ ^data:% 

-CHANGING^ 

■ 



--CONVERSION TIME-- 

RECYCLE 
— TIME 
^2.5Ats 



The other counter is a data counter, which is reset synchron¬ 
ously with the clock counter and counts the number of times 
the Iref current is switched into the summing input of the 
amplifier during the period defined by the clock counter. 

When the Initiate Conversion input is strobed with a positive 
signal, the busy line latches high and a 10 /jls (times given 
are approximate) start up cycle begins. The integrating 
capacitor is discharged and both counters are reset during 
this start up period. Conversion begins at the end of the reset 
pulse and ends with a pulse generated either by the clock 
counter or by an overflow condition in the data counter. This 
pulse disables further inputs Into both counters and triggers 
a 10 /US shutdown cycle. During the shutdown cycle Data 
Valid goes low for 5/us. This binary sequence is shown in the 
timing diagrams. Busy is true high, and when the circuit is 
busy. Initiate Conversion has no effect and may be high or 
low. Data Valid is also true high. The data from a conversion 
remain valid for as long as power is applied to the circuit or 
until Data Valid falls at the end of a subsequent conversion, at 
which time the output data are updated to reflect the latest 
conversion. 

Pin Functions 
Initiate Conversion Input 

Accepts CMOS and most 5 V logic inputs. Applying a logic 
"1” to the Initiate Conversion pin initiates the A/D conversion 
cycle. Once conversion has been initiated, the cycle cannot 
be interrupted, and the Initiate Conversion pin is .disabled 
until conversion is complete. Two modes of operation are 
permitted, clocked or free-running. For clocked operation 
the Initiate Conversion input Is held at logic “0” for standby 
and taken to logic “1” when a conversion is desired. For free- 
running operation the Initiate Conversion pin is connected to 
Vdd or similar permanent logic “1” voltage. 

Busy Output 

A digital status output which is compatible with CMOS logic 
and low power TTL (can sink and source 500 /xA). A logic “1” 
output on the Busy pin indicates a conversion cycle is in 


process. A logic “1” to logic “0” transition indicates that con¬ 
version Is complete and the result has been latched at the 
Digits Out pins. A logic “0” to logic “1” transition Indicates a 
new conversion cycle has been initiated. If the device is 
operating in the free-running mode, the Busy output will 
remain low for approximately 2.5 /us, marking the completion 
and initiation of consecutive conversion cycles. 

Data Valid Output 

A digital status which is compatible with CMOS logic and low 
power TTL (can sink and source 50 /uA). A logic “1” output at 
the Data Valid pin Indicates that the Digits Out pins are 
latched with the result of the last conversion cycle. The Data 
Valid output goes to logic “0” approximately 5 /us before the 
completion of a conversion cycle. During this 5 /us interval 
new data is being transferred to the Digits Out pins, and the 
Digits Out are not valid. 

Digits Out 

(Bit 0, Bit 1, etc.) 

The binary digit outputs which are the result of the A/D con¬ 
version. These outputs are CMOS logic and low power TTL 
compatible. 

Applications Information 
Input/Output Relationships 

The analog input voltage (Vin) is related to the output by the 
transfer equation: 

Digital Counts = ^ 

Rin • Vref 

A = 528 for 8700 
A = 2064 for 8701 
A = 8208 for 8702 

where Digital Counts is the value of the binary output word 
presented at Digits Out pins in response to Vin. 
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Binary Output ADCs 

• High Speed Conversion: 1-20 mSec 

• Latched Parallel Outputs_ 


TSC8700 (8-Bit) 
TSC8701 (10-Bit) 
TSC8702 (12-Bit) 


The digital output code format is as follows: 


Analog 

Input 

MSB 

Digital 

Output 

LSB 

Vin ^ Full-Scale 

1 . . 

.Ill ... 1 

= Full-Scale -1 LSB 

1 . . 

.Ill ... 1 

= 1 LSB 

0 . . 

.000 ... 1 

< 0 

0 . . 

.000 ... 0 


Two’s complement coding can be generated by inverting the 
Most Significant Bit (MSB) signal. 


External Component Selection 

Obtaining a high accuracy conversion system depends on 
the voltage regulation of Vref and the thermal stability of Rin 
and Rref. The exact dependence is given by the transfer 
function. System accuracy also depends, to a lesser degree, 
on the voltage regulation of Vdd and Vss. The supply con¬ 
nections Vdd and Vss should have bypass capacitors of value 
0.1 fxF or larger right at the device pins. 


Rin, Ref 

Values of these components are chosen to give a full-scale 
input current of approximately 10 /uA and a reference current 
of approximately -20 /uA. 

^ ViN _F ul l- S _c a je ^ 

10 mA -20 mA 

Examples: 

R iM ^ 10 V = 1 M n Rref s 320 kn 

10 mA -20 ixA 

Note that these values are approximations, and the exact 
relationships are defined by the transfer equation, in prac¬ 
tice, the value of Rin typically would be trimmed using the 
optional gain adjust circuit to obtain full-scale output at Vin 
F ull-Scale (see adjustment procedure). Metal film resistors 
with 1% tolerance or better are recommended for high accu¬ 
racy applications because of their thermal stability and low 
noise generation. 

Rbias 

Specifications for the TSC87XX are based on Rbias = 100 kO 
±10% unless otherwise noted. However, there are instances 
when the designer may want to change this resistor in order 
to affect the conversion time and the supply current. By 
decreasing Rbias the A/D will convert much faster and the 
supply current will be higher. (For example: When Rbias is 
20 k the conversion time is reduced by 1/3, and the supply 
current will increase from 2 mA to 7 mA.) Likewise, if the 


Rbias is increased the conversion time will be longer and the 
supply current will be much lower. (For example: When Rbias 
= 1 Mn the conversion time will be six times longer, and the 
supply current is now reduced to .5 mA). For details of this 
relationship refer to AN 9 typical performance curves. 

Rdamp 

Exact value not critical but should have a nominal value of 
100 n ±10%. Locate close to pin 14. 

Cdamp 

Exact value not critical but should have a nominal value of 
270 pF ±20%. Locate close to pin 14. 

CiNT 

Exact value not critical but should have a nominal value of 
68 pF ±10%. Low leakage types are recommended, although 
mica or ceramic devices can be used in applications where 
their temperature limits are not exceeded. Locate as close as 
possible to pins 14, 15. For the TSC8700 Cint = 33 pF is 
adequate with Radj = 1.0 kn. 

Vref 

A negative reference voltage must be supplied. This may be 
obtained from a constant current source circuit or from the 
negative supply. 

Vdd, Vss 

Power supplies of ±5 V are recommended, with 0.05% line 
and load regulation and 0.1 /uF decoupling capacitors. 

Adjustment Procedure 

The test circuit diagram shows optional circuits for trimming 
the zero location and full-scale gain. Because the digital out¬ 
puts remain constant outside of the normal operating range 
(i.e. below zero and above full-scale), it is recommended that 
transition points be used in setting the zero and full-scale 
values. Recommended procedure Is as follows: 

• Set the initiate conversion control high to provide free-run 
operation and verify that converter is operating. 

• Set Vin to ±1/2 LSB and trim the zero adjust circuit to 
obtain a 000 ... 000 ... to 000 ... 001 transition. This will 
correctly locate the zero end. 

• For full-scale adjustment, set Vin to the full-scale value 
less 1 1/2 LSB and trim the gain adjust circuit for 

a 111 ... 110 to 111 ... Ill transition. 

If adjustments are performed in this order, there should be no 
interaction and they should not have to be repeated. 
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Binary Output ADCs 
• High Speed Conversion: 1-20 mSec 
__ • Latched Parallel Outputs 

Typical Circuits 
Reference Voltage Supply 


TSC8700 (8-Bit) 
TSC8701 (10-Bit) 
TSC8702 (12-Bit) 




Multivibrator circuit at Pin 21 (Initiate Conversion) 
strobes converter at rates slower than the normal 
free-run mode, (r ■ R^C^) 


24 



MULTIVIBRATOR 
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Binary Output ADCs 

• High Speed Conversion: 1-20 mSec 

• Latched Paraiiei Outputs 


TSC8700 (8-Bit) 
TSC8701 (10-Bit) 
TSC8702 (12-Bit) 


Bipoiar Operation 



1-L 

1 

Rqffset 

1 




OTO+IO^A le 


Two's complement coding may be generated 
by Inverting the MSB output. 

Offset Binary 


1N4148 

(3) I 

^ 1 

1 “ 


2 

r 

10K*< 

L. 

J MV5054* ^ 

TSC87XX 

A/D CONVERTER 


2.4K 

-SIGN BIT 

LOGIC OUTPUT 

= 


t^4 0R 
EQUIV. 


2N2222 
^OR EQUIV. 



*Optlonal visual 

indication of negative Input 


MagnItude-and-SIgn Binary 
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TSC8700 (8-Bit) 
TSC8701 (10-Bit) 
TSC8702 (12-Bit) 


12-Bit Serial or 3 x 4-Bit Parallel Output Format 


Binary Output ADCs 
High Speed Conversion: 1-20 mSec 
• Latched Parallel Outputs 



System reads parallel outputs at clock pulse 1, 5, 9. 

Shift/load may betaken low when Data Valid goes high or at fixed time ti, after INIT CONV (ti > 24 ms for TSC8702). Shift/load then must return high before 
clock pulse 2 and must remain high until all data is read out. Recommended clock frequency 2 kHz min for serial, 750 Hz min for parallel output. 
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Binary Output ADCs 

• High Speed Conversion: 1-20 mSec 

• Latched Paraiiel Outputs 


TSC8700 (8-Bit) 
TSC8701 (10-Bit) 
TSC8702 (12-Bit) 


Digital Temperature Monitor 



8-Bit Microprocessor Interface 



VdD 
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TSC8700 (8-Bit) 

TSC8701 (10-Blt) 

TSC8702 (12-Bit) _ 

TYPICAL PERFORMANCE CURVES 


LU 

N Z 

-J o 

< W 
S QC 

CC LJ 

O > 
z z 
o 
o 


CONVERSION TIME 



10K 100K 1M 


Rbias(ohms) 


CONVERSION TIME 
VS SUPPLY VOLTAGE 


S 

N Z 
-I o 
< (/) 
S CC 
CC UJ 

o > 
z z 
o 
o 



2 3 4 5 6 7 8 


vdd = vss(volts) 


SUPPLY CURRENT 



10K 100K 1M 


Rbias(ohms) 


Binary Output ADCs 
• High Speed Conversion: 1-20 mSeo 
• Latched Paraitei Outputs 


LU 

si 

N Z 
□ O 
< </) 
S CC 
CC Ul 

o > 
z z 
o 
o 


CONVERSION TIME 
vs TEMPERATURE 



TEMPERATURE (°C) 


< 

E 

V) 

Q 

O 


SUPPLY CURRENT 
vs SUPPLY VOLTAGE 



2 3 4 5 6 7 8 

VdD = VsS( VOLTS) 


SUPPLY CURRENT 



-55-25 0 25 50 75 100 125 


TEMPERATURE('>C) 
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Binary Output ADCs 

• High Speed Conversion: 1-20 mSec 

• Latched Parallel Outputs_ 


TSC8700 (8-Bit) 
TSC8701 (10-Bit) 
TSC8702 (12-Bit) 


TYPICAL PERFORMANCE CURVES 


OUTPUT SOURCE CURRENT 



.1 1 10 
lOH(mA) 

OUTPUT SINK CURRENT 



.1 1 10 


lOL(niA) 



2 5 10 20 50 100 200 500 


|ref(/^a) 



lOH(mA) 

OUTPUT SINK CURRENT 



.1 1 10 
lOUrnA) 


OL 

o 

cc 

Q. 

Q >. 
UJ < 

j m 
< Q 
S 

QC 

O 


TRI-STATE PROPAGATION 



-55-25 0 25 50 75 100 125 


TEMPERATURE (“O 
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TSC8700 (8-Bit) 
TSC8701 (10-Bit) 
TSC8702 0 2-Bit) 


Binary Output ADCs 
• High Speed Conversion: 1-20 mSec 
_• Latched Parailei Outputs 


Package information 
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TSC8703 (8-Bit) 
TSC8704 (10-Bit) 
TSC8705 (12-Bit) 
Binary Output ADC 
• Three State, Latched Outputs 
• High Speed Conversion: 1-20 mSec 


WTELEDVNE 

SEMICONDUCTOR 


General Description 

The TSC8703/8704/8705 are 8/10/12 bit monolithic CMOS 
analog-to-digital converters. Fully self-contained in a singie 
24-pin dual in-line package, each converter requires only 
passive support components, reference and power supplies. 

Conversion is performed by an incremental charge balan¬ 
cing technique which has inherently high accuracy, linearity 
and noise immunity. An amplifier integrates the sum of the 
unknown analog current and pulses of a reference current, 
and the number of pulses (charge increments) needed to 
maintain the amplifier summing junction near zero is 
counted. At the end of conversion the total count is latched 
into the digital outputs as an 8/10/12 bit binary word. The 
Output Enable control switches the outputs to a high impe¬ 
dance or off state when held high. The off state allows bus 
organized output connections. 


Ordering information 


Part No. 

Conv. 

Resolution Time 

Package 

Temp. 

Range 

TSC8703CJ 

8-Bit 

1.25 

mSec 

24-Pin 
Plastic Dip 

0®Cto 
+70® C 

TSC8703CL 

8-Bit 

1.25 

mSec 

24-Pin 

CerDIP 

-40® etc 
+85® C 

TSC8703BL 

8-Bit 

1.25 

mSec 

24-Pin 

CerDIP 

-55® C to 
+125®C 

TSC8704CJ 

10-Blt 

5.0 

mSec 

24-Pin 
Plastic Dip 

0®Cto 
+70® C 

TSC8704CL 

10-Blt 

5.0 

mSec 

24-Pin 

CerDIP 

-40® etc 
+85® C 

TSC8704BL 

10-Bit 

5.0 

mSec 

24-Pin 

CerDIP 

-55®Cto 

+125®C 

TSC8705CJ 

12-Blt 

20 

mSec 

24-Pin 
Plastic Dip 

0®Cto 
+70® C 

TSC8705CN 

12-Bit 

20 

mSec 

24-Pin 

Ceramic 

-40® etc 
+85® C 

TSC8705BN 

12-Blt 

20 

mSec 

24-Pin 

Ceramic 

-55®CtO 

+125®C 

Device! with MIL-8TD-883 Proceulng* 

TSC8703BL/883 

8-Blt 

1.25 

mSec 

24-Pin 

CerDIP 

-55®Cto 

+125®C 

TSC8704BL/883 

10-Blt 

5.0 

mSec 

24-Pln 

CerDIP 

-55®Cto 

+125®C 

TSC8705BN/883 

12-Blt 

20 

mSec 

24-Pin 

Ceramic 

-55®Cto 

+125®C 


* Level B. MIL-STD-883 Revision B 


Features 


• High Accuracy — Up to 12 Bit Resolution With < ±1/2 LSB 
Error 

• Monotonic Performance — No Missing Codes 

® Monolithic CMOS Construction Gives Low Power 
Dissipation — 20 mW Typical 

• Contains All Required Active Elements — Needs only 
Passive Support Components, Reference Voltage 
and Dual Power Supply 

• High Stability Over Full Temperature Range 

— Gain Temperature Coefficient Typically <25 ppm/°C 

— Zero Drift Typically <30 /uV/^C 

—■ Differential Non-Linearity Drift Typically <25 ppm/°C 

• Latched Parallel Binary Outputs 

• LPTTL, 74LS, CMOS Compatible Outputs and Control 
Inputs 

• Strobed or Free Running Conversion 

• Infinite Input Range — Any Positive Voltage Can Be 
Applied Via a Scaling Resistor 



Pin Configuration 


DIGITS 

OUT 


BIT 11 (MSB FOR 8706) 

1 


24 

□ OTTTOTIMICI 

BIT 10 [2 

2 


23 

DATA VALID 

BIT 9 (MSB FOR 8704) []]] 

3 


22 

^ BUSY 

BITS 

4 


21 

INITIATE CONVERSION 

BIT 7 (MSB FOR 8703) 

5 

20 

GND 

BIT 6 

6 


19 

Z] '^DD 

BIT 6 \Zi 

7 


18 

D vss 

BIT 4 □ 

8 


17 

□ ’bias 

BIT 3 Q 

9 


16 

ZI ZERO ADJUST 

BIT 2 C 

10 


15 

]Z AMPLIFIER OUT 

BIT 1 [2 

11 


14 

3 ’in 

^ BIT 0 (LSB) C 

12 


13 

Z1 Iref 


Note: 

Do not make connections to pin 1, 2, 3 or 4 on 8703; pin 1 or 2 on 8704. 
These pins are Internally connected. 


Handling Precautions 

The 8700 series are CMOS devices must be handled correctly 
to prevent damage. Package and store only in conductive 
foam, anti-static tubes or other conductive material. Use 
proper anti-static handling procedures. Do not connect in 
circuits under “power on" conditions, as high transients may 
cause permanent damage. 


<§) 1983 


8 - 61 


TELEDYNE SEMICONDUCTOR 




TSC8703 (8-Bit) 
TSC8704 (10-Bit) 
TSC8705 (12-Bit) 


Binary Output ADC 
• Three State, Latched Outputs 
• High Speed Conversion: 1-20 mSec 


Absoiute Maximum Ratings 

Storage Temperature ...~65®C to + 160®C 

Operating Temperature 

(BL, BN) . -SS^Cto+ias^C 

(CL) Package ... -40® C to + 85® C 

(CJ) Package . 0®to + 70®C 

Vdd -Vss . 18 V 


liN ... ±10 mA 

Iref .,. ±10 mA 

Digital Input Voltage . -0.3 to Vdd +0.3 V 

Operating Vdd and Vss Range . 3.5 V to 7 V 

Package Dissipation . 500 mW 

Lead Temperature. 300® C 

(Soldering, 10 seconds) 


Eiectricai Characteristics: Unless otherwise specified, Vdd = +5 V, Vss = -5 V, Vgnd = 0, Vref = ~6.4 V, Rbias = 
100 kn, test circuit shown. Ta = 25® C unless Full Temperature Range is specified (-55°C to +125®C for BN and BL package, 
-40® C to +85® C for CL package, 0® to 70®C for CJ package)._ 







CJ/CN 

BN/BL 


PARAMETER 

CONDITIONS 

DEFINITION 

MIN 

TYP 

MAX 

MAX 

UNITS 

Accuracy 








Resolution 


Binary Word Length 






Accuracy 


Of Digital Output 








TSC8703 

8 

— 

— 

— 

Bits 



TSC8704 

10 

— 

— 

__ 

Bits 



TSC8705 

12 

— 

— 

— 

Bits 



Output Deviation From Straight 






Relative Accuracy 


Line Between Normalized 

Zero and Full-Scaie Input 

— 

±1/4 

±1/2 

±1/2 

LSB 



TSC8706CJ (Only) 

— 

1.0 

±1.5 


LSB 

Differential 

Non-Linearity 


Deviation From 1 LSB 

Between Transition Points 

- 

±1/4 

±1/2 

±1/2 

LSB 

Differential 

Full 

Variation in Differential 






Non-Linearity 

Temperature 

Non-Linearity Due To 


±2.5 

±5 

±5 

ppm/®C 

Temperature Drift 

Range 

Temperature Change 






Gain 


Variation From Exact A (Compen- 


±2 

±5 

±5 

% of 

Variance 


sate By Trimming Rin or Rref) 


Nominai 

Gain 

Full 

Variation In A 






Temperature 

Temperature 

Due To 

— 

±25 

±75 

±80 

ppm/°C 

Drift 

Range 

Temperature Change 







IlN = 0 

Correction at Zero Adjust to Give 






Zero Offset 

CiNT = 68 pF 

Zero Output When Input Is Zero 



±80 

±80 

mV 

(TSC8703) 

Radj = 1.6 kn 

Integration Cap. = 68 pF 




See Test Circuit. 

Radj = 1.6 kn 







IlN = 0 

Correction at Zero Adjust to Give 






Zero Offset 

CiNT = 33 pF 

Zero Output When Input Is Zero 


±10 

±50 

±50 

mV 

(TSC8703) 

Radj = 1.0 kn 

Integration Cap. = 33 pF 



See Test Circuit. 

Radj = 1.0 kn 






Offoot 

||N=0 

Correction at Zero Adjust to Give 






(TSC8704) 

(TSC8705) 

CiNT = 68 pF 

Radj = 1.0 kn 

Zero Output When Input Is Zero 
Integration Cap. = 68 pF 

- 

±10 

±50 

±50 

mV 

See Test Circuit. 

Radj = 1.0 kn 






Zero Temperature 

Full Temperature 

Variation in Zero Offest Due to 


±3 

±5 

±8 

ppm/® C 

Drift 

Range 

Temperature Change 


Analog Inputs 

liN Full-Scale 


Full-Scale Analog Input Current 

To Achieve Specified Accuracy 

- 

10 

- 

- 

/xA 

Iref 

(Note 1) 


Reference Current Input To 
Achieve Specified Accuracy 

- 

-20 

- 

- 

mA 

Digital Inputs 

Vin'” 

Full Temperature 

Logical “1” Input Threshold 

3.5 




V 

Range 

For Initiate Conversion Input 




Vin‘°’ 

Full Temperature 

Logical “0” Input Threshold 



1.5 

1.5 

V 

Range 

For Initiate Conversion Input 




Propagation Delay 








Output Enable 

Cl = 100 pF, Rl = 1 Kn 

Tplh, Tphl 


500 


1,000 

ns 
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Binary Output ADC TSC8703 (8-Bit) 

• Three State, Latched Outputs TSC8704 (10-Bit) 

• High Speed Conversion: 1-20 mSec _ TSC8705 (12-Bit) 


Electrical Characteristics (Cent.) 






CJ/CN 

BN/BL 


PARAMETER 

CONDITIONS 

DEFINITION 

MIN 

TYP 

MAX 

MAX 

UNITS 

Digital Outputs 

OE = 3.5 V, 







lO(OFF) 

0.4 V < Vc <2.4 

Off-state Output Current 

_ 

0.1 

±10 

±10 

mA 

Vout"’ 

Full Temp. Range 

Logical “1" Output Voltage 

4 5 




V 

lOUT = -10 mA 

For Digits Out, Busy, and 

2.4 




y 


louT = -500 juA 

Data Valid Outputs 





V0UT*°’ 

Full Temp. Range 

Logical "0” Output Voltage 






Vdd = 4.75 V 

For Digits Out, Busy, and 

— 

— 

0.4 

0.4 

V 


louT = 500 mA 

Data Valid Outputs 






Dynamic 

Conversion Time 

Full Temp. Range 

Time Required to Perform One 
Complete A/D Conversion 








TSC8703 

— 

1.25 

1.8 

1.8 

ms 



TSC8704 

— 

5 

6 

6 

ms 



TSC8705 

— 

20 

24 

24 

ms 

Conversion 


TSC8703 

655 

800 

_ 

— 

Conv’ns 

Rate in 

Vint conv = + 5 V 

TSC8704 

167 

200 

— 

— 

per 

Free-Run Mode 


TSC8705 

42 

50 

— 

— 

Second 

Minimum Pulse Width 
for Initiate Conversion 

Full Temp. Range 


500 

- 

- 

- 

ns 

Supply Current 








Idd Quiescent 
(L/N Package) 

(J Package) 

Full Temp. Range 

Current Required From Positive 

— 

1.4 

2.5 

3.5 

mA 

Vint conv = OV 

Supply During Operation 

— 

1.4 

5.0 


mA 

Iss Quiescent 
(L/N Package) 

(J Package) 

Full Temp. Range 

Current Required From Negative 

_ 

-1.6 

-2.5 

-3.5 

mA 

ViNIT CONV = OV 

Supply During Operation 

— 

-1.6 

-5.0 


mA 

Supply Sensitivity 

Vdd ± 1 V, Vss ±1 V 

Change in Full-Scale Gain vs 
Supply Voltage Change 

- 

±0.5 

±1.0 

±1.0 

%/V 


|Vdd| = |Vss| = 5V±1 V 

Change in Full-Scale Gain vs Supply 
Voltage Change for Tracking Supplies 

- 

±0.05 

±0.1 

±0.1 

%/V 


NOTE: 

liN and Iref pins connect to the summing junction of an operational amplifier. 
Voltage sources cannot be attached directly but must be buffered by external 
resistors. See Test Circuit. 


Circuit Description 

During conversion the sum of a continuous current Iin and 
pulses of a reference current Iref is integrated for a fixed 
number of clock periods. Iin is proportional to the analog 
input voltage: Iref is switched in for exactly one clock period 
just frequently enough to maintain the output of the integra¬ 
tor near zero. Thus, the charge from the continuous Iin 
current is balanced against the pulses of Iref current. The 
total number of Iref pulses needed during the conversion 
period to maintain the charge balance is counted, and the 
result (in Binary) is latched into the outputs at the end of the 
conversion. 

The converter contains two counters and a clock in addition 
to an operational amplifier, comparator, latching output 
buffers and housekeeping logic. One counter is a clock 
counter which (after a reset pulse) starts counting clock 
pulses: when the required count is reached, the clock coun¬ 
ter generates a pulse to start the end-of-conversion routine. 
The other counter is a data counter, which is reset synchron¬ 
ously with the clock counter and counts the number of times 


the Iref current is switched into the summing input of the 
amplifier during the period defined by the clock counter. 

When the Initiate Conversion input is strobed with a positive 
signal, the busy line latches high and a 10 jus (times given 
are approximate) start up cycle begins. The integrating 
capacitor is discharged and both counters are reset during 
this start up period. Conversion begins at the end of the reset 
pulse and ends with a pulse generated either by the clock 
counter or by an overflow condition in the data counter. This 
pulse disables further inputs into both counters and triggers 
a 10 MS shutdown cycle. During the shutdown cycle Data 
Valid goes low for 5 ms. This binary sequence is shown in the 
timing diagrams. Busy is true high, and when the circuit is 
busy. Initiate Conversion has no effect and may be high or 
low. Data Valid is also true high. The data from a conversion 
remain valid for as long as power is applied to the circuit or 
until Data Valid falls at the end of a subsequent conversion, at 
which time the output data are updated to reflect the latest 
conversion. 
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TSC8703 (8-Bit) 
TSC8704 (10-Bit) 
TSC8705 (12-Bit) 


Binary Output ADC 
• Three State, Latched Outputs 
• High Speed Conversion: 1-20 mSec 


INITIATE 

CONVERSION 



ZERO . 

ADJUST (NOTE 2} 


«BIAs|i00K 

t >(Note 1) I 


22 BUSY 
123 DATA VALID 


1. Any Vref greater than -1 V can be used. 
rref= 

-20 /uA 

For example with Vref = -5 V, Rref = 250 k. 


Part No. 

Radj 

CiNT 

Zero Offset Spec 

TSC8703 

1.6 kn 

68 pF 

±80 mV 

TSC8703 

1.0 kn 

33 pF 

±50 mV 

TSC8704/8705 

1.0 kn 

68 pF 

±50 mV 


Timing Diagrams (Rise, fan times = 200 ns typ., cl = so pF) 
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Binary Output ADC 

• Three State, Latched Outputs 

• High Speed Conversion: 1-20 mSec 


TSC8703 (8-Bit) 
TSC8704 (10-Bit) 
TSC8705 0 2-Bit) 


Pin Functions 
Initiate Conversion Input 

Accepts CMOS and most 5 V logic inputs. Applying a logic 
“1” to the Initiate Conversion pin initiates the A/D conversion 
cycle. Once conversion has been initiated, the cycle cannot 
be interrupted, and the Initiate Conversion pin is disabled 
until conversion is complete. Two modes of operation are 
permitted, clocked or free-running. For clocked operation 
the Initiate Conversion input is held at logic “0” for standby 
and taken to logic “1” when a conversion is desired. For free- 
running operation the Initiate Conversion pin is connected to 
Vdd or similar permanent logic “1” voltage. 

Busy Output 

A digital status output which is compatible with CMOS logic 
and low power TTL (can sink and source 500 /xA). A logic “1 ” 
output on the Busy pin indicates a conversion cycle is in 
process. A logic “1” to logic “0” transition indicates that con¬ 
version is complete and the result has been latched at the 
Digits Out pins. A logic “0” to logic “1” transition indicates a 
new conversion cycle has been initiated. If the device is 
operating in the free-running mode, the Busy output will 
remain low for approximately 2.5 iis, marking the completion 
and initiation of consecutive conversion cycles. 

Data Valid Output 

A digital status which Is compatible with CMOS logic and low 
power TTL (can sink and source 50 /uA). A logic “1” output at 
the Data Valid pin indicates that the Digits Out pins are 
latched with the result of the last conversion cycle. The Data 
Valid output goes to logic “0” approximately 5 ms before the 
completion of a conversion cycle. During this 5 /xs interval 
new data is being transferred to the Digits Out pins, and the 
Digits Out are not valid. 

Digits Out 

(Bit 0, Bit 1, etc.) 

The binary digit outputs which are the result of the A/D con¬ 
version. These outputs are CMOS logic and low power TTL 
compatible. 

Applications Information 
Input/Output Relationships 

The analog input voltage (Vin) Is related to the output by the 
transfer equation; 

Digital Counts = ^ 

Rin • Vref 

A = 528 for 8703 
A = 2064 for 8704 
A = 8208 for 8705 

where Digital Counts is the value of the binary output word 
presented at Digits Out pins In response to Vin. 

The digital output code format is as follows: 


Analog 

Input 

MSB 

Digital 

Output 

LSB 

Vin < Full-Scale 

1 . . 

. Ill ... 1 

= Full-Scale -1 LSB 

1 . . 

. Ill ... 1 

= 1 LSB 

0 . . 

. 000 ... 1 

<0 

0 . . 

. 000 ... 0 


Two’s complement coding can be generated by inverting the 
Most Significant Bit (MSB) signal. 


External Component Selection 

Obtaining a high accuracy conversion system depends on 
the voltage regulation of Vref and the thermal stability of Rin 
and Rref. The exact dependence is given by the transfer 
function. System accuracy also depends, to a lesser degree, 
on the voltage regulation of Vdd and Vss. The supply con¬ 
nections Vdd and Vss should have bypass capacitors of value 
0.1 /xF or larger right at the device pins. 


Rin, Ref 

Values of these components are chosen to give a full-scale 
input current of approximately 10 /uA and a reference current 
of approximately -20 mA. 

Vin Full-Scale 

10/xA -20 mA 

Examples: 

R IN a ''0 V = 1 M n, Rref = = 320kn 

10 /iA -20 mA 

Note that these values are approximations, and the exact 
relationships are defined by the transfer equation. In prac¬ 
tice, the value of Rin typically would be trimmed using the 
optional gain adjust circuit to obtain full-scale output at Vin 
full-scale (see adjustment procedure). Metal film resistors 
with 1% tolerance or better are recommended for high accu¬ 
racy applications because of their thermal stability and low 
noise generation. 

Rbias 

Specifications for the 87XX are based on Rbias = 100 kO 
±10% unless otherwise noted. However, there are instances 
when the designer may want to change this resistor in order 
to affect the conversion time and the supply current. By 
decreasing Rbias the A/D will convert much faster and the 
supply current will be higher. (For example: When Rbias is 
20 k the conversion time is reduced by 1/3, and the supply 
current will increase from 2 mA to 7 mA.) Likewise, if the 
Rbias is increased the conversion time will be longer and the 
supply current will be much lower. (For example: When Rbias 
= 1 mn the conversion time will be six times longer, and 
supply current is now reduced to .5 mA). For details of this 
relationship refer to AN9 typical performance curves. 
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TSC8703 (8-Bit) 

TSC8704 (10-Bit) 

TSC8705 (12-Bit) __ 

Applications Information (Cont.) 

Rdamp 

Exact value not critical but should have a nominal value of 
100 Cl ±10%. Locate close to pin 14. 

Cdamp 

Exact value not critical but should have a nominal value of 
270 pF ±20%. Locate close to pin 14. 

CiNT 

Exact value not critical but should have a nominal value of 
68 pF ± 10%. Low leakage types are recommended, although 
mica or ceramic devices can be used in applications where 
their temperature limits are not exceeded. Locate as close as 
possible to pins 14,15. For the TSC8703 Cint = 33 pF is ade¬ 
quate with Radj = 1 kn. 

Vref 

A negative reference voltage must be supplied. This may be 
obtained from a constant current source circuit or from the 
negative supply. 


Binary Output ADC 
• Three State, Latched Outputs 
• High Speed Conversion: 1-20 mSec 

Vdd, Vss 

Power supplies of ±5 V are recommended, with 0.05% line 
and load regulation and 0.1 juF decoupling capacitors. 

Adjustment Procedure 

The test circuit diagram shows optional circuits for trimming 
the zero location and full-scale gain. Because the digital out¬ 
puts remain constant outside of the normal operating range 
(i.e. below zero and above full-scale), it is recommended that 
transition points be used in setting the zero and full-scale 
values. Recommended procedure is as follows: 

• Set the initiate conversion control high to provide free-run 
operation and verify that converter is operating. 

• Set ViN to +1/2 LSB and trim the zero adjust circuit to 
obtain a 000 ... 000 ... to 000 ... 001 transition. This will 
correctly locate the zero end. 

• For full-scale adjustment, set Vin to the full-scale value 
less 1 1/2 LSB and trim the gain adjust circuit for 
alii ... 110 to 111 ... Ill transition. 

If adjustments are performed in this order, there should be no 
interaction and they should not have to be repeated. 


TSC8705 Interface to MC6821 PIA 
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Binary Output ADC TSC8703 (8-Bit) 

• Three State, Latched Outputs TSC8704 (10-Bit) 

* High Speed Conversion: 1-20 mSec _ TSC8705 (12-Bit) 

Application/Design Circuits 
Bipolar Operation (+ and -Inputs) 



‘Optional visual indication of negative input 
NOTE: Values for R should be between lOKfl and lOOKH 


Absolute Value Circuit With Sign 


8-Bit Microprocessor Interface 
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TSC8703 (8-Blt) 

TSC8704 (10-Bit) 

TSC8705 (12-Bit) _ 

TYPICAL PERFORMANCE CURVES 


UJ 

N Z 

Ij O 
< </) 
S CC 

CC liJ 

O > 
z z 
o 
o 


CONVERSION TIME 



10K 100K 1M 


Rbias<ohms) 


UJ 

2^ 
N Z 
-J O 
< </) 
S CC 
CC UJ 

o > 
z z 
o 
o 


CONVERSION TIME 
vs SUPPLY VOLTAGE 



2 3 4 5 6 7 8 


VdD = VsS (VOLTS) 


SUPPLY CURRENT 



10K 100K 1M 


Binary Output ADC 
• Three State, Latched Outputs 
• High Speed Conversion: 1-20 mSec 


UJ 

IS 

2i= 

N Z 
□ O 

S CC 
CC UJ 

o > 
z z 
o 
o 


CONVERSION TIME 



-55 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


< 

E 


(/) 

(/) 


Q 

Q 


SUPPLY CURRENT 



2 3 4 5 6 7 8 


VdD = Vss( VOLTS) 


SUPPLY CURRENT 



-55-25 0 25 50 75 100 125 


Rbias(o^^'''‘S) 


TEMPERATURE(‘>C) 
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Binary Output ADC 

• Three State, Latched Outputs 

• High Speed Conversion: 1-20 mSec 

TYPICAL PERFORMANCE CURVES 

OUTPUT SOURCE CURRENT 



.1 1 10 
lOH(mA) 


OUTPUT SINK CURRENT 



.1 1 10 
IOL('^A) 



2 5 10 20 50 100 200 500 

|ref(a*a) 


TSC8703 (8-Bit) 
TSC8704 (10-Bit) 
TSC8705 h 2-Bit) 


OUTPUT SOURCE CURRENT 



.1 1 10 


lOH(mA) 

OUTPUT SINK CURRENT 



.1 1 10 
lOL(mA) 


Q. 

O 

cc 

a. 

Q >• 

UJ < 

□ UJ 
< Q 


QC 

o 


TRI STATE PROPAGATION 



-55-25 0 25 50 75 100 125 

TEMPERATURE (»C) 
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TSC8703 (8-Bit) 
TSC8704 (10-Bit) 
TSC8705 (12-Bit) 


Appiication/Design Circuits (Cent.) 
Reference Voitage Supply 


Binary Output ADC 
• Three State, Latched Outputs 
• High Speed Conversion: 1-20 mSec 



Package Information 


24-Pln Plastic Dip (J Package) 
(Package #12) 



24-Pm Ceramic Dip (N Package) 
(Package #13) 



24-Pin CerDiP (L Package) 
(Package #14) 


h^MAX.—*1 IbS-1.226 MAX. 





I s I u y 
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Section 9 

Voltage to Frequency/Frequency to Voltage Converters. 9-3 

TSC9400 Voltage to Frequency (0.05% Linearity) 9-5 

TSC9401 Voltage to Frequency (0.01% Linearity) 9-5 

TSC9402 Voltage to Frequency (0.25% Linearity) 9-5 
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TELEDYNE TSC9400 (0.05%) 

SEMICONDUCTOR TSC9401 (0.01 %) 

TSC9402 (0.25%) 
Voltage to Frequency/ 
Frequency to Voltage Converters 


General Description 

The TSC9400/9401/9402 are low cost Voltage to-Frequency 
converters combining Bipolar and CMOS technology on the 
same substrate. The converters accept a variable analog 
input signal and generate an output pulse train whose fre¬ 
quency is linearly proportional to the input voltage. 

The devices can also be used as highly accurate Frequency- 
to-Voltage converters, accepting virtually any input frequency 
waveform and providing a linearly proportional voltage output. 

A complete V/F or F/V system requires the addition of two 
capacitors, three resistors and reference voltage. 


Applications 

Voltage-tO“Frequency 

® Temperature Sensing and Control 
® fiP Data Acquisition 
® Instrumentation 
• 13-Bit A/D Converters 
® Digital Panel Meters 
® Analog Data Transmission and Recording 
® Phase Locked Loops 
® Medical Isolation 
® Transducer Encoding 
® Alternate to 555 Astable Timer 

Frequency-to-Voltage 

® Frequency Meters/Tachometer 
® Speedometers 

® Analog Data Transmission and Recording 
® Medical Isolation 
® Motor Control 
® RPM Indicator 
® FM Demodulation 
® Frequency Multiplier/Divider 
® Flow Measurement and Control 


Ordering Information 


Part No. 

Linearity 

(V/F) 

Package 

Temperature 

Range 

TSC9400CJ 

0.05% 

14-Pin Plastic Dip 

0° C to ±70° C 

TSC9400CL 

0.05% 

14-Pin CerDIP 

-40° C to ±85° C 

TSC9401CJ 

0.01% 

14-Pin Plastic Dip 

0°C to ±70° C 

TSC9401CL 

0.01% 

14-Pin CerDIP 

-40° C to ±85° C 

TSC9402CJ 

0.25% 

14-Pin Plastic Dip 

0°C to ±70° C 

TSC9402CL 

0.25% 

14-Pin CerDIP 

-40° C to ±85° C 


Features 


Vo8tage-to-Frequency 

® 1 Hz to 100 kHz Operation 

• Choice Guaranteed Linearity: 

— TSC9401 0.01% 

— TSC9400 0.05% 

— TSC9402 0.25% 

• ±25 Dpm/°C Typical Gain Temperature Stability 
® Open Collector Output 

® Output Can Interface with Any Form of Logic 
® Pulse and Square Wave Outputs 

• Programmable Scale Factor 

• Low Power Dissipation (27 mW Typ.) 

• Single Supply Operation (8 V to 15 V) 

« Dual Supply Operation (±4 V to ±7.5 V) 

® Current or Voltage Input 

Frequency-to»Vo!tage 



® DC to 100 kHz Operation 
® Choice of Guaranteed Linearity: 

— TSC9401 0.02% 

— TSC9400 0.05% 

— TSC9402 0.25% 

® Op Amp Output 

® Programmable Scale Factor 
® High Input Impedance (>10 MO) 

® Accepts any Voltage Wave Shape 

HANDLING PRECAUTIONS: The TSC9400 Series are CMOS 
Bipolar devices and must be handled correctly to prevent 
damage. Package and store only in conductive foam, anti¬ 
static tubes or other ocnductive material. Use proper anti¬ 
static handling procedures. Do not connect in circuits under 
“power on” conditions, as high transients may cause perma¬ 
nent damage. 


Pin Configuration 


*biasE 

ZERO ADJUST C 
•in L 
VssE 
'^refoutC 
gndL 
'^refC 


I] '^DD 

I] N.C. 

I] AMPLIFIER OUT 

□ COMPARATORIM 

□ FREQ/2 OUT 

□ OUTPUT COMMON 
I] PULSE FREQ. OUT 


©1985 
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TSC9400 (0.05%) 
TSC9401 (0.01%) 
TSC9402 (0.25%) 


Voltage to Frequency/ 
Frequency to Voltage Converters 


Absolute Maximum Ratings 

Storage Temperature . -65° C to+150° C 

Operating Temperature 

J Package . 0°C to 70° C 

L Package .-40° C to +85° C 

Vdd -Vss ... 18 V 


liN . 10 mA 

VouT Max -VouT Common .25 V 

Vref-V ss .. -1.5 V 

Package Dissipation . 500 mW 

Lead Temperature (Soldering, 10 sec) . 300° C 


Electrical Characteristics, V/F Mode: Unless otherwise specified, Vdd = +5 V, Vss = -5 V, Vgnd = 0, Vref = -5 V, 
Rbias = 100 kO, Full-Scale = 10 kHz. Ta = 25°C unless Full Temperature Range is specified -40° C to +85°C for L package, 
0°C to 70° C for J package. 


VOLTAGE-TO-FREQUENCY 

PARAMETER DEFINITION 

TSC9401 

MIN TYP MAX 

TSC9400 

MIN TYP MAX 

TSC9402 

MIN TYP MAX 

UNITS 

Accuracy 

Linearity 10 kHz 

Output Deviation From Straight 

Line Between Normalized Zero 

— 0.004 0.01 

- 

0.01 0.05 

- 

0.05 0.25 

% Full- 
Scale 

Linearity 100 kHz 

and Full-Scale Input 

— 0.04 0.08 

— 

0.1 0.25 

— 

0.25 0.50 

% Full- 
Scale 

Gain Temperature 

Drift (Note 1) 

Variation in Gain A due to 

Temperature Change 

— ±25 ±40 

- 

±25 ±40 

- 

±50 ±100 

ppm/° C 
Full- 
Scale 

Gain Variance 

Variation from Exact A 

Compensate by Trimming 

Rin, Vref, or Cref 

— ±10 — 

- 

±10 — 

- 

±10 - 

%of 

Nominal 

Zero Offset 
(Note 2) 

Correction at Zero Adjust for Zero 
Output When Input is Zero 

- ±10 ±50 

- 

±10 ±50 

- 

±20 ±100 

mV 

Zero Temperature 

Drift (Note 1) 

Variation in Zero Offset Due 
to Temperature Change 

— ±25 ±50 

- 

±25 ±50 

- 

±50 ±100 

mV/°C 

Analog Inputs 

liN Full-Scale 

Full-Scale Analog Input Current 
to Achieve Specified Accuracy 

- 10 - 

- 

10 - 

- 

10 - 

mA 

liN Overrange 

Overrange Current 

— — 50 

- 

— 50 

- 

- 50 

mA 

Response Time 

Settling Time to 0.01% Full-Scale 

— 2 — 

— 

2 — 

- 

2 — 

Cycles 

Digital Outputs 

VSAT (® lOL = 10 mA 
(Note 3) 

Logical “0” Output Voltage 

— — 0.4 

- 

- 0.4 

- 

— 0.4 

V 

VouT Max — 

VouT Common (Note 4) 

Voltage Range Between 

Output and Common 

— — 18.0 

- 

- 18.0 

- 

— 18.0 

V 

Pulse Frequency 

Output Width 


— 3.0 — 

- 

3.0 - 

- 

3.0 — 

Msec 

Supply Current 

Idd Quiescent 
(L Package) (Note 9) 
(J Package) 

Current Required From Positive 

Supply During Operation 

— 2.0 4.0 

— 2.0 6.0 

- 

2.0 4.0 

2.0 6.0 

- 

3.0 10.0 

mA 

mA 

Iss Quiescent Current Required From Negative 

(L Package) (Note 10) Supply During Operation 
(J Package) 

— -1.5 -4.0 

— -1.5 -6.0 

- 

-1.5 -4.0 
-1.5 -6.0 

- 

-3.0 -10.0 

mA 

mA 

Vdd Supply 

Operating Range of 

Positive Supply 

4.0 — 7.5 

4.0 

- 7.5 

4.0 

— 7.5 

V 

Vss Supply 

Operating Range of 

Negative Supply 

-4.0 — -7.5 

-4.0 

— -7.5 

-4.0 

- -7.5 

V 

Reference Voltage 

Vref -Vss 

Range of Voltage Reference Input 

-1.0 — — 

-1.0 

_ _ 

-1.0 

_ _ 

V 

Notes: 

1. Full temperature range 

2. liN = 0. 

3. Full temperature range. Iout = 10 mA. 

4. Iout = 10 /uA 

5. 10 Hz to 100 kHz. 

6. 5 MS min. positive pulse width and 0.5 ms min. negative pulse width. 

7. Tr = tf = 20 ns. 

8. Rl > 2 k(i. 

9. Full temperature range. Vin = -0.1 V. 

10. Vin = -0.1 V. 

11. liN connects the summing junction of an operational amplifier. Voltage 
sources cannot be attached directly but must be buffered by external 
resistors. 
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TSC9400 (0.05%) 

Voltage to Frequency/ TSC9401 (0.01%) 

Frequency to Voltage Converters _ TSC9402 (0.25%) 

V/F Circuit Description 



Figure 1: 10 Hz to 10 kHz V/F Converter 
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TSC9400 (0.05%) 
TSC9401 (0.01%) 
TSC9402 (0.25%) 


Voltage to Frequency/ 
Frequency to Voltage Converters 


V/F Circuit Description (Cent.) 

The TSC9400 V/F Converter operates on the principal of 
charge balancing. The input voltage (Vin) is converted to a 
current (Iin) by the input resistor. This current is then conver¬ 
ted to a charge by the integrating capacitor and shows up as 
linearly decreasing voltage at the output of the op amp. The 
zero crossing of the output is sensed by the comparator 
causing the reference voltage to be applied to the reference 
capacitor for a time period long enough to virtually charge 
the capacitor to the reference voltage. This action reduces 
the charge on the integrating capacitor by a fixed amount 
(q = Cref X Vref) causing the op amp output to step up a 
finite amount. 

At the end of the charging period, Cref is shorted out dissi¬ 
pating the stored reference charge so that when the output 
again crosses zero, the system is ready to recycle. In this 
manner, the continued discharging of the integrating capaci¬ 
tor by the input is balanced out by fixed charges from the 
reference voltage. As the input voltage is increased, the 
number of reference pulses required to maintain balance 
increases causing the output frequency to also increase. 
Since each charge increment is fixed the increase in fre¬ 
quency with voltage is near. In addition, the accuracy of the 
output pulses does not directly effect the linearity of the V/F. 
It must simply be long enough for full charge transfer to take 
place. 

The TSC9400 contains a “self-start” circuit to assure that the 
V/F will always operate properly when power is first applied. 
In the event that during “Power-on” the op amp output is 
below the comparator threshold and Cref is already charged, 
a positive voltage step will not occur. The op amp output will 
continue to decrease until it crosses the -2.5 volt threshold of 
the “self-start” comparator. When this happens a resistor is 
connected to the op amp input causing the output to quickly 
go positive until the TSC9400 is once again in its normal opera¬ 
ting mode. 

The TSC9400 utilizes both bipolar and MOS transistors on the 
same substrate, taking advantage of the best features of each. 
MOS transistors are used at the inputs to reduce offset and 
bias currents. Bipolar transistors are used in the op amp, for 
high gain, and on all outputs for excellent current driving 
capabilities, CMOS logic is used throughout to minimize 
power consumption. 

Pin Functions 
Comparator input 

In the V/F mode, this input is connected to the amplifier out¬ 
put (Pin 12) and triggers the 3 iisec pulse delay when the 
input voltage passes its threshold. In the F/V mode, the input 
frequency is applied to the comparator input. 

Pulse Freq Out 

This output is an open-collector bipolar transistor providing 
a pulse wafeform whose frequency is proportional to the 
input voltage. This output requires a pull up resistor and 
interfaces directly with MOS, CMOS and TTL logic. 


Freq/2 Out 

This output is an open-collector bipolar transistor providing 
a square wave that is one-half the frequency of the pulse 
frequency output. This output requires a pull up resistor and 
interfaces directly with MOS, CMOS, and TTL logic. 

Output Common 

The emitters of both the freq/2 out and the puls freq out are 
connected to this pin. An output level swing from the collec¬ 
tor voltage to ground or to the Vss supply may be obtained by 
connecting to the appropriate point. 

Rbias 

Specifications for the TSC9400 are based on Rbias = 100 k 
± 10% unless otherwise noted. Rbias may be varied between 
the range of 82 k < Rbias < 120 k. 

Amplifier Out 

The output Stage of the operational amplifier. A negative 
going ramp signal is available at this pin in the V/F mode. In 
the F/V mode a voltage proportional to the frequency input is 
generated. 

Zero Adjust 

The non-inverting input of the operational amplifier. The low 
frequency set point is determined by adjusting the voltage at 
this pin. 

Iin 

The inverting input of the operational amplifier and the 
summing junction when connected in the V/F mode. An input 
current of 10 /xA is specified for nominal full-scale but an 
overrange current up to 50 mA can be used without detrimen¬ 
tal effect to the circuit operation. 

Vref 

A reference voltage from either a precision source or the Vss 
supply may be applied to this pin. Accuracy will be depen¬ 
dent on the voltage regulation and temperature characteristics 
of the circuitry. 

Vref out 

The charging current for Cref is derived from the internal 
circuitry and switched by the break-before-make switch to 
this pin. 

V/F Design Information 
Input/Output Relationships 

The output frequency is related to the analog input voltage 
(Vin) by the transfer equation: 

Frequency Out = x - ] -- = fo 

Rin (Vref) (Cref) 
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Voltage to Frequency/ 

Frequency to Voltage Converters 


TSC9400 (0.05%) 
TSC9401 (0.01%) 
TSC9402 (0.25%) 


V/F Design Information (Cont.) 

External Component Selection 

Bin 

The value of this component is chosen to give a full-scale input 
current of approximately 10 /uA. 

Example: 

Rin s Vin Full-Scale _ ^ = 1 K/in 

10/u A 10/uA 

Note that the value is an approximation, and the exact relation¬ 
ship is defined by the transfer equation. In practice, the value 
of Rin typically would be trimmed to obtain fuil-scale fre¬ 
quency at Vin Fuli-Scale (see adjustment procedure). Metal 
film resistors with 1% tolerance or better are recommended for 
high accuracy applications because of their thermal stability 
and low noise generation. 



CiNT 

Exact value not critical but is related to Cref by the relation¬ 
ship: 

3Cref < CiNT < IOCref 


Improved stability and linearity is obtained when Cint ^ 
4Cref. Low leakage types are recommended although mica 
and ceramic devices can be used in applications where their 
temperature limits are not exceeded. Locate as close as 
possible to pins 12 and 13. 

Cref 

Exact value not critical and may be used to trim the full-scale 
frequency (See input/output relation). Glass film or air 
trimmer capacitors are recommended because of their sta¬ 
bility and low leakage. Locate as close as possible to pins 
5 and 3. 


V/F Single Supply Operation 



Vdd, Vss 

Power supplies of ±5 V are recommended. For high accuracy 
requirement 0.05% line and load regulation and 0.1 AtFdIsc 
decoupling capacitors located near the pins are recom¬ 
mended. 

Adjustment Procedure 

Figure 1 shows a circuit for trimming the zero location. Full- 
scale may be trimmed by adjusting Rin, Vref, or Cref. 
Recommended procedure isasfoliowsfora 10 kHz full-scale 
frequency. 

1. Set Vin to 10 mV and trim the zero adjust circuit to obtain a 
10 Hz output frequency. 

2. Set Vin to 10.000 V and trim either Rin, Vref, or Cref to 
obtain a 10 kHz output frequency. 

If adjustjments are performed in this order, there should be 
no Interaction and they should not have to be repeated. 



Figure 5: Variable Voltage — Single Supply Operation 


9-9 


TELEDYNE SEMICONDUCTOR 




TSC9400 (0.05%) 
TSC9401 (0.01%) 
TSC9402 (0.25%) 


Voltage to Frequency/ 
Frequency to Voltage Converters 



See TSC7660 Data Sheet for 
±5 V Operating Circuit from 
Single +5 V Supply. 


I adjust! I I I Figure 6; Single Variable Supply Voltage with | 

0-01 ^ ^ _L Offset and Gain Adjust 


Electrical Characteristics, F/V Mode; Unless otherwise specified, Vdd = +5 V, Vss = -5 V, Vqnd = 0, Vref = -5 V, 
Rbias = 100 kn, Full-Scale = 10 kHz. Ta = 25° C unless Full Temperature Range is specified-40° C to+85° C for L package, 0°C to 
70° C for J package. 


FREQUENCY-TO-VOLTAGE 


PARAMETER 


DEFINITION 


TSC9401 
MIN TYP MAX 


TSC9400 
MIN TYP MAX 


TSC9402 
MIN TYP MAX 



Output Loading Resistive Loading at Output 

of Op Amp 


Analog Outputs 

Output voltage Voltage Range of Op Amp Output 

(Note 8) for Specified Non-Linearity 


Supply Current 

Ido Quiescent Current Required From Positive 

(L Package) (Note 9) Supply During Operation 
(J Package) 


Iss Quiescent Current Required From Negative 

(L Package) (Note 10) Supply During Operation 
(J Package) 


Vdd Supply Operating Range of 


2.0 4.0 

2.0 6.0 


-1.5 -4.0 
-1.5 -6.0 


2.0 4.0 

2.0 6.0 


-1.5 -4.0 
-1.5 -6.0 



Positive Supply 

4.0 

- 7.5 4.0 

- 7.5 4.0 - 7.5 

V 

Vss Supply 

Operating Range of 

Negative Supply 

-4.0 

~ -7.5 -4.0 

- -7.5 -4.0 — -7.5 

V 

Reference Voltage 

Vref -Vss 

Range of Voltage Reference Input 

-1.0 

- - -1.0 

- - -1.0 - - 

V 


Notes: 

1. Full temperature range 

2. liN = 0. 

3. Full temperature range. Iout = 10 mA. 

4. Iout = 10 mA 

5. 10 Hz to 100 kHz, 

6. 5 US min. positive pulse width and 0.5 ns min. negative pulse width. 
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7. Tr = tf = 20 ns. 

8. Rl > 2 kn. 

9. Full temperature range. Vin = -0.1 V. 

10. Vin = -0.1 V. 

11. liN connects the summing junction of an operational amplifier. Voltage 
sources cannot be attached directly but must be buffered by external 
resistors. 
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F/V Circuit Description 

The TSC9400, when used as a frequency to voltage converter, 
generates an output voltage which is linearly proportional to 
the input frequency wave form. 

Each zero crossing at the comparator’s input causes a precise 
amount of charge (q = Cref x Vref) to be dispensed into the 
op amp’s summing junction. This charge in turn flows through 
the feedback resistor generating voltage pulses at the output 
of the op amp. A capacitor (Cint) across Rint averages these 
pulses into a DC voltage which is linearly proportional to the 
input frequency. 

F/V Design information 
Input/Output Relationships 

The output voltage is related to the input frequency (Fin) by 
the transfer equation: 

VouT = [ Vref Cref Rint] Fin 

The response time to a change in Fin is equal to (Rint Cint). 
The amount of ripple on Vout is inversely proportional to 
Cint and the Input Frequency. 

Cint can be increased to lower the ripple. 1 fx? to 100 /uF are 
perfectly acceptable values for low frequencies. 


When TSC9400 is used in the single supply mode, Vref is 
defined as the voltage difference between Pin 7 and Pin 2. 

Input Voltage Levels 

The input signal must cross through zero in order to trip the 
comparator. In order to overcome the hysteresis the ampli¬ 
tude must be greater than ±200 mV. 

If only a unipolar Input signal (Fin) is available, it is recom¬ 
mended that either an offset circuit using resistor be used or 
that the signal be coupled in a via a capacitor. 

For 100 kHz maximum input Rint should be decreased to 

100 ka 



NOTE: Cref should be increased for low Fin max. Adjust 
Cref so that Vo is approximately 2.5 to 3.0 volts for the 
maximum input frequency. When Fin max is less than 1 kHz, 
the duty cycle should be greater than 20% to insure that Cref 
is fully charged and discharged. 
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TSC9400 (0.05%) 
TSC9401 (0.01%) 
TSC9402 (0.25%) 


Voltage to Frequency/ 
Frequency to Voltage Converters 


F/V Design Information (Cont.) 
input Buffer 

fo and fo/2 are not used in the F/V mode. However, these 
outputs may be useful for some applications, such a buffer 
to feed additional circuitry. Fo will then follow the input 
frequency wave form; except that fo will go high 3 fis after 
Fin goes high, fo/2 will be square wave with a frequency of 
one half fo. 

If these outputs are not use, then Pins 8, 9 and 10 may be left 
floating or connected to ground. 



—O.BaisMIN |- 

—5.0ms min-— -j 




INPUT j_ 


LI 


Lj 



r 

^0 j_ 

J I 

|—DELAY = : 

3/JS 

J I 


I I 


r 

fo/2 

I_ 





Figure 8: F/V Digital Outputs 



Notes: 

1. The input is now referenced to 6.2 V (Pin 6). The input signal must therefore 
be restricted to be greater than 4 volts (Pin 6 -2 V) and less than 10 to 15 V 
(Vdd). 

If the signal is AC coupled then a resistor (100 k to 10 mO) must be placed 
between the input (Pin 11) and Pin 6. 

2. The output will now be referenced to Pin 6 which is at 6.2 V(Vz). For fre¬ 
quency meter applications a 1 mA meter with a series scaling resistor can be 
placed across Pins 6 and 12. 

The sawtooth ripple which is on the output of an F/V can be 
eliminated without affecting the F/V’s response time by using 
the circuit in Figure 10. The circuit has a DC gain of +1. Any 
AC components such as a ripple are amplified both posi¬ 
tively, via the lower path, and negatively, via the upper path. 


When both paths have the same gain, the AC ripple is can¬ 
celled. The amount of cancellation is directly proportional to 
gain matching. If the two paths are matched within 10%, then 
the ripple will be lowered by 1/10. For 1% matching, the ripple 
is lowered by 1/100. The 10 k potentiometer is used to make 
the gain equal in both paths. Thiscircuit is insensitive to both 
frequency changes and to signal wave shape. 



F/V Power-On Reset 

In the F/V mode, the TSC9400 output voltage will occasionally 
be at its maximum value when power is first applied. This con¬ 
dition will remain until the first pulse is applied to the Fin input. 
In most frequency-measurement applications this is not a 
problem, because proper operation begins as soon as the 
frequency input is applied. 

In some cases, however, the TSC9400 output must be zero at 
power-on without a frequency input. In such cases, a capacitor 
connected from Pin 11 to Vdd will usually be sufficient to pulse 
the TSC9400 and provide a power on reset (Figure 1 la). Where 
predictable power-on operation is critical, a more complicated 
circuit, such as Figure 11b, may be required. 
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TSC700A 
Four Digit LED Dispiay 
Decoder and Driver 
High Segment Drive Current 


General Description 

The TSC700A drives common anode LED displays with 28 
high current, open-drain N channel output transistors. Four 
seven segment LED displays may be driven. Drive current is 
guaranteed to be 11 mA minimum. This is twice the minimum 
drive current available from comparable devices and will 
provide high LED luminance. High luminous intensity is an 
important factor when a dark contrasting background is 
unavailable or the LED is viewed at a distance. The TSC700A 
current capability makes it an ideal large character LED driver. 

Four data bit inputs and four digit select signals permit inter¬ 
facing to multiplexed BCD or binary output devices. The four 
bit data input is decoded into the seven segment alpha¬ 
numeric code known as “Code B”. A 0 to 9, —, E, H, L, P or 
“blank" reading may be displayed. 

An added feature includes a brightness control input that 
adjusts segment drive current. The control pin may also be 
used as a digital display enable. The TSC700A is an improved 
pin compatible and functional equivalent to the ICM7212A 
and TSC7212A. 


Ordering Information 


Part No. 

LED 

Temp. Segment 

Package Range Current 

Output 

Code 

TES700AMJL* 

40-Pin 

CerDIP 

-55°Cto+125°C 14 mA 

Code B 

TSC700AIJL* 

40-Pin 

CerDIP 

-25° C to+85° C 14 mA 

Code B 

TSC700A/Y 

CHIP 

25° C 14 mA 

Code B 


* Add/BI to part number suffix for 160 hour,+125° C burn-in. 


Features 

• High Drive Current for High Luminance LED Display 

• Guaranteed High LED Segment Current 11 mA Minimum 

• 28 Common Anode LED Drivers (4 Digits) 

• Code B Output Format ... 0 to 9, —, E, H, L, P, “blank” 

• BCD/Binary Input to Seven Segment LED Code 

• Four Separate Digit Selects for Multiplexed Input 

• Digital or Analog Brightness Control 

• Digital Display Enable 

• Low Thermal Resistance Package 

• Military Temperature Range Devices Available 

• Pin Compatible With TSC7212A, ICM7212A 


Pin Configuration 



Functional Diagram 


BRIGHTNESS 
CONTROL O— 

GND O— 
GND O— 




SEGMENT OUTPUTS 


Zj 


4 TO 7 LINE 
ROM DECODER 


DATA 

INPUT 


DIGIT SELECT 
LOGIC AND 
ONE SHOT STROBE 


DIGIT 3 DIGIT 2 DIGIT 1 

h 

I- ^—1 I - ^—1 r— 


3 


L 


DIGIT LATCH 







TO TSC700A 
OUTPUTS 

*Limitt Package Power Diuipation 
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Four Digit LED Dispiay 
Decoder and Driver 

TSC700A High Segment Drive Current 


Absolute Maximum Ratings (Notes i, 2 ) 

Power Dissipation . . ... *1.0 W 

Supply Voltage .. . 6.5 V 

Input Voltage (Any Terminal) Vs + 0.3 V to Ground -0.3 V 
Operating Temperature 

M Version . -55® C to+125° C 

1 Version . -25° C to+85° C 

Maximum Chip Temperature .. +150°C 

Storage Temperature . -55° C to +150°C 

Lead Temperature (10 Sec) . 300°C 

* To 85° C, See Derating Curve on Page 4 for operation above 85° C. 

ElSCtriCdl ChdrSCtOfiStiCS!! specifications measured with Vs = 5.0 V at Ta = 

25° C. 




TYPE 

NO. 

SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

MIN 

TSC700A 

TYP 

MAX 

UNIT 

D 

1 

ISEG 

Segment ON 

Current 

Test Circuit 

11 

14 

18 

mA 

°r 

R 

2 

ISLK 

Segment 

Leakage 


- 

±0.01 

±1.0 

/xA 


3 

ViH 

Logic “1” Input 

Voltage 


3.0 

- 

- 

V 

1 

N 

4 

ViL 

Logic “0” Input 

Voltage 


- 

- 

1.0 

V 

P 

U 

5 

IlN 

Input Current 

Pins 27-34 

- 

±0.01 

±1.0 

mA 

T 

6 

CiN 

Digital 

Input 

Capacitance 

Pins 27-34 

- 

5 

- 

PF 


7 

Cbr 

Brightness 

Input 

Capacitance 


- 

200 

- 

PF 


8 

tpw 

Digit Select 

Pulse Width 

See Timing 

Diagram 

1.0 

- 

- 

MS 

T ■ 
1 

M 

9 

tDS 

Data 

Setup 

Time 

See Timing 

Diagram 

- 

- 

100 

ns 

N 

G 

10 

tDH 

Data Hoid 

Time 

See Timing 

Diagram 

- 

0 

- 

ns 


11 

tiDS 

Inter-Digit 

Select Time 

See Timing 

Diagram 

2.0 

- 

- 

MS 

P 

0 

12 

Vs 

Operating 

Suppiy Voitage 

Range 


4 

6 

6 

V 

w ■ 

E 

13 

Is 

Suppiy Current 

Display OFF 

- 

- 

50 

mA 

R 

14 

lop 

Operating 

Current 

Pin 5, 27-34 at 

GND, Display all "8’s" 

- 

440 

- 

mA 

NoIm: 

1. Functional operation above the absolute maximum stress ratings Is not 
Implied. 

2. static Sensitive device. Unused devices must be stored in conductive 
material to protect devices from static discharge and static fields. 
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Four Digit LED Dispiay 
Decoder and Driver 
High Segment Drive Current 


TSC700A 


Output Pin Description and Function 



OUTPUT TERMINAL FUNCTION 

OUTPUT TERMINAL 

FUNCTION 


A1 

37 

B1 

38 

C1 

39 

D1 

40 

E1 

2 

F1 

4 

G1 

3 

A2 

6 

B2 

7 

C2 

8 

D2 

9 

E2 

10 

F2 

12 

G2 

11 


Segment Dr. Digit 1 (LSD) 


A3 

13 

A 

B3 

14 

B 

C3 

15 

C 

D3 

16 

D 

E3 

17 

E 

F3 

19 

F 

G3 

18 

G 

A4 

20 

A 

B4 

21 

B 

C4 

22 

C 

D4 

23 

D 

E4 

24 

E 

F4 

26 

F 

G4 

25 

G 


Segment Dr. Digit 3 


Segment Dr. Digit 2 


Segment Dr. Digit 4 (MSD) 


input Pin Description and Function 


INPUT 

TERMINAL 

FUNCTION 


BO 

27 

Ones (Least Significant) 


B1 

28 

Twos 

DATA INPUTS BITS 

B2 

29 

Fours 

B3 

30 

Eights (Most Significant) 


D1 

31 

D1 (Least Significant) Digit Select 


D2 

32 

D2 Digit Select 


D3 

33 

D3 Digit Select 


D4 

34 

D4 (Most Significant) Digit Select 


BRT 

5 

Brightness Control: Logic 1 = ON 

Logic 0 = OFF 

See Typical Characteristic Curve for Iseg Vs 

Brightness Control Voltage 

Segment Assignment 

Timing Diagram 




♦Input data must stable a maximum of 100 ns after digit select 
becomes active. 
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TSC700A 


Four Digit LED Display 
Decoder and Driver 
High Segment Drive Current 


Eiectrical Operating Characteristics 


Maximum Power Dissipation 



20 40 60 80 100 120 140 

AMBIENT TEMPERATURE (°C) 


LED Segment Current 
vs Output Voltage 



SEGMENT OUTPUT (VOLTS) 


LED Segment Current vs 
Brightness Control Voltage 


TSC700A 

Ta = 25° C 

PUT = 3 




SEGME 

.NT OUT 

M 


/ 





y 

y 




y 

/ 





/ 





/ 











1 2 3 4 5 6 

VpiN 5 (VOLTS) 
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Four Digit LED Display 
Decoder and Driver 

High Segment Drive Current TSC700A 


Operation Description 
Output Format 

The TSC700A accepts four bit binary information at pins 27 
(LSB) through 30 (MSB). The binary input is decoded to the 
seven segment output in a format known as “Code B”. The 
display format is 0 to 9, —, E, H, L, P and “blank”. 


Output Code 


BINARY INPUT 

TSC700A 





Output 

B3 

B2 

B1 

BO 

“Code B” 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

1 

0 

2 

0 

0 

1 

1 

3 

0 

1 

0 

0 

4 

0 

1 

0 

1 

5 

0 

1 

1 

0 

6 

0 

1 

1 

1 

7 

1 

0 

0 

0 

8 

1 

0 

0 

1 

9 

1 

0 

1 

0 

- 

1 

0 

1 

1 

E 

1 

1 

0 

0 

H 

1 

1 

0 

1 

L 

1 

1 

1 

0 

P 

1 

1 

1 

1 

(Blank) 


Segment Assignment 


A 



D 


Special Order Output Format 

The TSC700A is mask programmed to give 16 combinations 
of seven segment output codes. For large volume orders 
(60 K minimum pieces) custom decoder options are avail¬ 
able. Contact factory for details. 


Brightness Control Operation 

The voltage at the brightness control input is transferred to 
the output transistor gate for “ON” segments. The brightness 
voltage directly modulates the segment driver “ON” resis¬ 
tance. A brightness input (pin 5) can be used in two ways to 
control output transistor drain current. A variable brightness 
control may be implemented with a single potentiometer. A 
high value potentiometer (100 KO to 1 MO) will minimize 
power consumption. 


Brightness Control 


— 

p 

-— V+(LED ANODES) 

100 kfl - 1 Mn ^ 


-TO BRIGHTNESS CONTROL 



(PIN 5) 





A logic signal of varying duty cycle will also control display 
brightness. 


Vpin 5 

Vp 
ov — 






( 1 /f) 

Vpin 5 = ( ) Avpin 5 ) dt = f Vp tpw = Vp [Duty Cycle] 


The display may be blanked (all segments OFF) by applying 
the input code 1111 or by driving the brightness pin with a 
logic 0. If brightness control is not needed, pin 5 should be 
tied to 5.0 V. 


10 ^ 9 


TELEDYNE SEMICONDUCTOR 







Four Digit LED Display 
Decoder and Driver 

TSC700A High Segment Drive Current 


Package Power Dissipation Minimization 

The TSC700A high LED current drive capability requires 
package power dissipation be limited and that a low thermal 
resistance packaoe be used. The cerDIP package thermal 
resistance (0jc = 30® C/W, 0ja = 60®C/W) permits operation 
over the full -25®C to +85®C industrial operating tempera¬ 
ture range. Power dissipation iseasily controlled by reducing 
the applied voltage at the segment driver outputs. A 2.5 O 
voltage dropping resistor placed in series with the common 
anode LED display voltage will maintain dissipation under 1 
watt with a worst case continuous 8888 display. Figure 1 
gives the package power dissipation vs the number of “ON” 
LED segments for the operating circuit In Figure 2. Driver 
outputs should be maintained above 1.85 V for constant 
current operation. 




Figure 1: Package Power Dissipation 


Pd = *^8 I s + IsEG (N) [V - Vled - N(Iseg) Rd] 
I SEG (N) [V - Vled - N(Iseg) Rd] 


Where: 

IsEG == LED Segment Current 

N = Number of ON Segments 

Vled = Voltage Across on LED 

Pd = Max. Package Power Dissipation 

Vs = TSC700A Power Supply Voltage (5 V) 

Is = TSC700A Quiescent Current 50 juA) 


Figure 2: Operating Circuit 
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Four Digit LED Dispiay 
Decoder and Driver 
High Segment Drive Current 


TSC700A 


Applications Information; 

3 1/2 Digit ADC with LED Display 
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TSC700A 


Four Digit LED Dispiay 
Decoder and Driver 
High Segment Drive Current 


Applications Information (continued) 
4 1/2 Digit Counter 




INPUTS 


INTERNAL 

BCD & STORED 
OVERFLOW 

MASTER 

RET 

CLOCK 

IN 

HOLD/LOAD 

LATCHES 

COUNTER 

RESPONSE 

OUTPUT 

RESPONSE 

0 


0 

Advances 1 
Count 

Indicates 

New Count 

0 

j- 

0 

No 

Change 

No. 

Change 

0 


1 

Advances 1 
Count 

Retains Prior 
Count 

1 

X 

0 

Resets entire 
Counter 

Outputs go 
to Zero 

1 

X 

1 

Resets entire 
Counter 

Retains Prior 
Count 


Package Information 












TELEDYNE 

SEMICONDUCTOR 


TSC701AM 
Bus Compatible Four Digit 
LED Display Driver 
• High Segment Drive Current 
• Input Data Latches 


General Description 

The TSC701AM is a CMOS direct drive, four digit, seven 
segment LED display decoder and driver. The device is bus 
compatible making microprocessor controlled displays 
possible. Two chip select signals control data and digit 
select code latching prior to decoding and display. External 
data latches are unnecessary. 

The TSC701 AM drives common anode LED displays with 28 
high current, open-drain N channel output transistors. Four 
seven segment LED displays may be driven. Drive current is 
guaranteed to be 11 mA minimum (18 mA TYP). This is twice 
the minimum drive current available from comparable de¬ 
vices and will provide high LED luminance. High luminous 
intensity is an important factor when a dark contrasting 
background is unavailable or the LED is viewed at a distance. 
The TSC701AM current capability makes it an ideal large 
character LED driver. 

Four data bit inputs and four digit select signals permit inter¬ 
facing to multiplexed BCD or binary output devices. The four 
bit data input is decoded into the seven segment alpha¬ 
numeric code known as “Code B”. A 0 to 9, —, E, H, L, P or 
“blank” reading may be displayed. 

An added feature is the brightness control input that adjusts 
segment drive current. The control pin may also be usedasa 
digital display enable. The TSC701AM is an improved pin 
compatible and functional equivalent to the ICM7212AM. 


Features 

• 28 Current Limited Outputs Drive Common-Anode LEDs 
at 18 mA Per Segment. 

• Input and Digit Select Data Latches. 

• Brightness Input Allows Potentiometer Control of 
LED Segment Current. Pin Also Serves as Digital 
Display Enable. 

• Input and Digit Select Data Latches. 

• Pin Compatible and Functionally Equivalent to 
ICM7212AM. 

• Input Decoded to Seven Segment Code B Output (0 to 9, 
-, E, H, L, P, “Blank”) 
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Ordering Information 


Part No. 

Package 

Temp. 

Range 

LED 

Segment 

Current 

Output 

Code 

TSC701AMIJL 

40-Pin 

CerDIP 

-25® C 
to +85®C 

18 mA 

Code B 


10 


Functional Diagram 



© 1983 


10- 13 


TELEDYNE SEMICONDUCTOR 








Bus Compatible Four Digit 


LED Display Driver 

• High Segment Drive Current 

TSG701AM _• input Data Latches 


Absoiute Maximum Ratings 

Power Dissipation ......... 1.0 W 

Suppiy Voltage .. . . ... 6.6 V 

Input Voltage (Any Terminal) Vs + 0.3 V to Ground -0.3 V 
Operating Temperature 

I Version. -25° C to +85° C 

Maximum Chip Temperature 

Storage Temperature .. 

Lead Temperature (10 Sec) . 

. +150°C 

.-55°Cto+150°C 

.. 300° C 

Electrical Characteristics: specifications measured with vs = 5.0 v at ta = 25° 

C. 




TYPE 

NO. 

SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

MIN 

TSC701AM 

TYP 

MAX 

UNIT 

D 

l" 

E “ 

1 

ISEG 

Segment ON 

Current 

Test Circuit 

11 

18 

20 

mA 

->1 

R 

2 

ISLK 

Segment 

Leakage 


- 

±0.01 

±1.0 

mA 


3 

ViH 

Logic "1” Input 

Voltage 


3.0 

- 

- 

V 

N 

4 

ViL 

Logic “0” Input 

Voltage 


- 

- 

1.0 

V 

p 

u . 

5 

IlN 

Input Current 

Pins 27-34, 5 

- 

±0.01 

±1.0 

mA 

T 

6 

CiN 

Digital 

Input 

Capacitance 

Pins 27-34 

- 

5 

- 

PF 


7 

Cbr 

Brightness 

Input 

Capacitance 


- 

200 

- 

PF 


8 

tCSA 

Chip Select 

Active Pulse Width 

Note 3 

200 

- 

- 

ns 

T ■ 

M 

1 

9 

tDS 

Data 

Setup 

Time 


100 


- 

ns 

N 

G 

10 

tDH 

Data Hold 

Time 


10 

0 

- 

ns 


11 

tics 

Inter-Chip 

Select Time 


2 

- 

- 

MS 

p 

0 

12 

Vs 

Operating 

Suppiy Voltage 

Range 


4 

5 

6 

V 

w 

E 

13 

Is 

Supply Current 

Display OFF 

- 

- 

50 

mA 

R 

14 

lop 

Operating 

Current 

Pin 5, at Vs 

Display all “8’s” 

- 

504 

- 

mA 

Notes: 

1. Functional operation above the absolute maximum stress ratings is not 
implied. 

2. Static Sensitive device. Unused devices must be stored in conductive 
material to protect devices from static discharge and static fields. 

3. Other chip select (CS) is either held at logic zero or both CS1 and CS2 
driven together. 
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Bus Compatible Four Digit 
LED Display Driver 

• High Segment Drive Current 

• input Data Latches TSC701AM 


input Definitions 

In this table, V + and GROUND are considered to be normal operating input logic levels. For lowest power consumption, input 
signals should swing over the full supply. 



Pin Configuration 


Timing Diagram 



rn CHIP SELECT 2 

iU (CS2)__ 

Trn CHIP SELECT 1 
iD (CS1) 

DIGIT SELECT 2 
iLI (DS2) 

Tn DIGIT SELECT 1 
iU (DSD 



Figure 1: BUS Interface Timing Diagram 


IF BRIGHTNESS CONTROL IS NOT NEEDED, 
CONNECT BRT (PIN 5) TO Vg. 
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Bus Compatible Four Digit 
LED Display Driver 
• High Segment Drive Current 

TSC701AM _• input Data Latches 


Output Definitions 


Output pins are defined by the alphabetical segment assignment and numerical digital assignment. 

OUTPUT TERMINAL FUNCTION OUTPUT TERMINAL FUNCTION 
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Bus Compatible Four Digit 
LED Display Driver 

• High Segment Drive Current 

• input Data Latches_ TSC701AM 


Electrical Operating Characteristics 


Maximum Power Dissipation 


'^J 

— 

A =60 C 

— 

:/w 

TS 

Ce 

C701AM 
rOIP PAC 

:kage 








MAX 

OPERA! 

TEMP. 

"ING 










\ 



SAI 

AR 

FE OPER 
EA 

A 

TING 

\ 












i_ 








20 40 60 80 100 120 140 


AMBIENT TEMPERATURE ( C) 


LED Segment Current 
vs Output Voitage 



SEGMENT OUTPUT (VOLTS) 


LED Segment Current vs 
Brightness Control Voltage 



1 2 3 4 5 6 


VpiM 5 (VOLTS) 
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TSC701AM 


Bus Compatible Four Digit 
LED Display Driver 
• High Segment Drive Current 
_• input Data Latches 


Input Configuration and Output Codes 

The TSC701 AM accepts a four bit, true binary (positive level 
= logic 1) input at pins 27 (LSB) through 30 (MSB). The out¬ 
put display format Is 0 to 9, E, H, L, P and blank (see Table 
1). The TSC701AM correctly decodes binary and BCD true 
codes to a seven segment output. 

The TSC701AM is designed to interface with a data bus and 
display data under microprocessor control. Four data input 
bits (Pins 27-30) and two digit select input bits (Pins 31, 32) 
are written into input buffer latches. The rising edge of either 
chip select causes data to be latched, decoded and stored In 
the selected digit output data latch. The two bit digit code 
selects the appropriate output digit latch. The four bit display 
data word is decoded to the “Code B” seven segment output 
format. 

For applications where bus compatibility is not required 
refer to the TSC7211A (LCD), TSC7212A (LED) and the 
TSC700A (LED) four digit decoder driver data sheets. These 
devices are designed to accept multiplexed BCD/Binary 
input data for display under the control of four separate digit 
select control signals. 



Figure 5: Segment Assignment 


BiNARY INPUT 

B3 B2 B1 BO 

CODE B 
TSC701AM 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

1 

0 

2 

0 

0 

1 

1 

3 

0 

1 

0 

0 

4 

0 

1 

0 

1 

5 

0 

1 

1 

0 

6 

0 

1 

1 

1 

7 

1 

0 

0 

0 

8 

1 

0 

0 

1 

9 

1 

0 

1 

0 

— 

1 

0 

1 

1 

E 

1 

1 

0 

0 

H 

1 

1 

0 

1 

L 

1 

1 

1 

0 

P 

1 

1 

1 

1 

(Blank) 


Tabie 1: Output Code 


Applications Information 

The TSC701AM has two ground pins. These pins should be 
connected together. 


TSC701AM Interfaced to Z-80 Microprocessor 
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Bus Compatible Four Digit 
LED Display Driver 

• High Segment Drive Current 

• Input Data Latches _ TSC701AM 


Package Information 
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TELEDYNE TSC721 1 A (LCD) 

SEMICONDUCTOR TSC7212A (LED) 

Four Digit CMOS 
Display Decoder and Driver 


General Description 

The TSC7211A (LCD Decoder/Driver) and TSC7212A (LED 
Decoder/Driver) are direct drive, four digit, seven segment 
display decoder and drivers. 

The TSC7211A drives conventional LCD displays. An RC 
oscillator, divider chain, backplane driver, and 28 segment 
outputs are provided on a single CMOS chip. The segment 
drivers supply square waves of the same frequency as the 
backplane but in phase for an OFF segment and out of phase 
for an ON segment. The net d.c. voltage applied between 
driver segment and backplane is zero. 

The TSC7212A drives common anode LED displays with 28 
current controlled, low leakage, open drain, N-Channel out¬ 
put transistors. The brightness control input can be used as a 
digital display enable. A varying voltage at the control input 
will allow continuous display brightness control. 

The TSC7211A (LCD) and TSC7212A (LED) require only 
four data bit inputs and four digit select signals to interface 
with multiplexed BCD or binary output devices such as the 
ICM7217, ICM7226, ICL7103 and TSC7135. The four bit 
binary input code is decoded into the seven segment alpha¬ 
numeric code known as “Code B.” 

The “Code B” output format results in a 0 to 9, —, E, H, L, P or 
blank display. True BCD or binary inputs will be correctly 
decoded to the seven segment display format. 

The CMOS TSC7211A and TSC7212A are available In a 40- 
pin epoxy dual-in-line package and a compact 60-pin flat 
package. All inputs are protected against static discharge. 


TSC7211A Features (LCD Driver) 

• Four Digit Non-Multiplexed Seven Segment LCD Display 
Outputs With Backplane Driver. 

• RC Oscillator On Chip Generated Backplane Drive Signal. 

• Eliminates DC Bias Which Degrade LCD Display Life. 

• Backplane Input/Output Pin Permits Synchronization of 
Cascaded Slave Device to a Master Backplane Signal. 

• Separate Digit Select Inputs to Accept Multiplexed 
BCD/Binary Inputs. 

• Binary and BCD Inputs Decoded to Code B (0 to 9, — , E, H, 
L, P, Blank). 

• Pin Compatible and Functionally Equivalent to ICM7211A 
and DF411. 

• Connect to TSC7135 in Flat Package For Compact 4 1/2 
Digit Meter Systems 


TSC7212A Features (LED Driver) 

• 28 Current Limited Outputs Drive Common Anode LEDs at 
Greater Than 5 mA Per Segment. 

• Brightness Input Allows Potentiometer Control of LED 
Segment Current. Pin Also Serves as Digital Display 
Enable. 

• Same Input Configuration and Output Decoding as the 
TSC7211A. 

• Pin Compatible and Functionally Equivalentto ICM7212A. 
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Ordering information 


Part 

No. 

Driver 

Type 

Package 

Output 

Code 

Input 

Config. 

TSC7211AIPL 

LCD 

40-Pin 
Epoxy Dip 

Code B 

Multiplexed 
4-Bit Binary 
or BCD 

TSC7212AIPL 

LED 

40-Pin 
Epoxy Dip 

Code B 

Multiplexed 
4-Bit Binary 
or BCD 

TSC7211A/Y 

LCD 

DICE 

Code B 

Multiplexed 
4-Bit Binary 
or BCD 

TSC7212A/Y 

LED 

DICE 

Code B 

Multiplexed 
4-Bit Binary 
or BCD 

TSC7211AIJL 

LCD 

40-Pin 

CerDIP 

Code B 

Multiplexed 
4-Bit Binary 
or BCD 


Part 

No. 

Driver 

Type 

Package 

Output 

Code 

Input 

Config. 

TSC7212AIJL 

LED 

40-Pin 

CerDIP 

Code B 

Multiplexed 
4-Bit Binary 
or BCD 

TSC7211AIBQ 

LCD 

60-Pin 

Flat Package 
Formed Leads 

Code B 

Multipiexed 
4-Bit Binary 
or BCD 

TSC7211AISQ 

LCD 

60-Pin 

Flat Package 
Unformed Leads 

Code B 

Multiplexed 
4-Bit Binary 
or BCD 

TSC7212AIBQ 

LED 

60-Pin 

Flat Package 
Formed Leads 

CodeB 

Multiplexed 
4-Bit Binary 
or BCD 

TSC7212AISQ 

LED 

60-Pin 

Flat Package 
Unformed Leads 

Code B 

Multiplexed 
4-Bit Binary 
or BCD 
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TSC7211A (LCD) 
TSC7212A (LED) 


Four Digit CMOS 
Dispiay Decoder and Driver 


Absolute Maximum Ratings 

Power Dissipation (Note 1) .0.8 W at 70® C 

Supply Voltage. 6.5 V 

Input Voltage (Any 

Terminal) (Note 2) . +0.3 V, GROUND -0.3 V 

Operating Temperature Range . -20®Cto+85®C 

Storage Temperature Range . -55®C to +125®C 

Lead Temperature (Soldering 10 sec.) . 300®C 

Stresses above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated 

Table I: Operating Characteristics 

Test Conditions: ah parameters measured with V+ = 5 V 


TSC7211A CHARACTERISTICS (LCD DECODER/DRIVER) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Operating Voltage Range 

Vsupp 


3 

5 

6 

V 

Operating Current 

I OP 

Test Circuit, Display Blank 

- 

10 

50 

//A 

Oscillator Input Current 

losci 

Pin 36 

- 

±2 

± 10 


Segment Rise/Fall Time 

trfa 

Cl = 200 pF 

- 

0.5 

- 


Backplane Rise/Fall Time 

trfb 

Cl = 5000 pF 

- 

1.5 


yUS 

Oscillator Frequency 

fosc 

Pin 36 Floating 

- 

16 

- 

kHz 

Backplane Frequency 

fbp 

Pin 36 Floating 


125 

- 

Hz 


in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

Note 1: This limit refers to that of the package and wiil not be realized during 
normal operation. 

Note 2: Due to the SCR structure inherent in the CMOS process, connecting 
any terminal to voltages greater than or less than GROUND may 
cause destructive device iatchup. For this reason it is recommended 
that no inputs from external sources not operating on the same 
power supply be applied to the device before its supply is established, 
and that in multiple supply systems, the supply to the TSC7211A/ 
TSC7212A be turned on first. 


TSC7212A CHARACTERISTICS (COMMON ANODE LED DECODER/DRIVER) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Operating Supply Voltage Range 

Vsupp 


4 

5 

6 

V 

Operating Current 

Display Off 

lop 

Pin 5 (Brightness), 

Pins 27-34 ~ GROUND 

- 

10 

50 

UA 

Operating Current 

lop 

Pin 5 at V+, Display all 8’s 

- 

200 

- 

mA 

Segment Leakage Current 

ISLK 

Segment Off 

- 

± 0.01 

± 1 

(jA 

Segment On Current 

ISEG 

Segment On, Vo = +3 V 

5 

8 

- 

mA 

INPUT CHARACTERISTICS (LCD AND LED DECODER/DRiVER) 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Logical "1” Input Voltage 

ViH 


3 

_ 

- 

V 

Logical "0" Input Voltage 

ViL 


- 

- 

1 

V 

Input Leakage Current 

l|LK 

Pins 27-34 

- 

± 0.01 

± 1 

liA 

Input Capacitance 

C|N 

Pins 27-34 

- 

5 


pF 

BP/Brightness Input Leakage 

Ibplk 

Measured at Pin 5 with Pin 3b at GND 

- 

± 0.01 

± 1 

HA 

BP/Brightness Input Capacitance 

Cspi 

All Devices 

- 

200 

- 

pF 


AC CHARACTERISTICS (LCD AND LED DECOOER/DRIVER) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Digit Select Active Pulse Width 

tsa 

Refer to Timing Diagrams 

1 



MS 

Data Valid Time 

Ids 

Refer to Timing Diagrams 

- 

__ 

100 

ns 

Data Hold Time 

tdh 

Refer to Timing Diagrams 

200 

_ 

_ 

ns 

Inter-Digit Select Time 

tids 

Refer to Timing Diagrams 

2 

- 

- 

MS 
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Four Digit CMOS 
Dispiay Decoder and Driver 

Timing Diagrams 


TSC7211A (LCD) 
TSC7212A (LED) 



’JIT liuinrnnnr nniuir 


^- 0 — 64 CYCLES -►1^—64 CYCLES 


Figure 1: Input Timing Diagram (LED or LCD) 

Test Circuit 


Figure 2: LCD Dispiay Waveforms 


Pin Configuration 



Flat Package 


Figure 3: Test Circuit 


NOTES: 

1. NC = NO INTERNAL CONNECTION 

2. PINS 8, 23, 38 AND 53 ARE CONNECTED TO THE DIE 
SUBSTRATE. THE POTENTIAL AT THESE PINS IS 
APPROXIMATELY V+ NO EXTERNAL CONNECTIONS 
SHOULD BE MADE. 


S S Q S S OT 5 
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TSC7211A (LCD) 
TSC7212A (LED) 


Four Digit CMOS 
Dispiay Decoder and Driver 


input Definitions 

In this table, V+ and GROUND are considered to be normal operating input iogic leveis. For iowest power consumption, input 
signals should swing over the fuil supply. 


INPUT 

TERMINAL* 

CONDITION 

FUNCTION 

BO 

27 (49) 

V+ = Logical One 

GND = Logical Zero 

Ones (Least Significant) \ 

B1 

28 (50) 

V+ = Logical One 

GND = Logical Zero 

Twos \ Data Input Bits 

B2 

29 (51) 

V+ = Logical One 

GND = Logical Zero 

Fours 1 

B3 

30 (52) 

V+ = Logical One 

GND = Logical Zero 

/ 

Eights (Most Significant) 

OSC 

36 (1) 

Floating or with 

Oscillator Input 

(LCD Devices 
only) 

external capacitor 
GROUND 

Disables BP output devices, allowing segments to be syn¬ 
chronized to an external signal input at the BP terminal (Pin 5) 

D1 

31 (54) 


D1 (Least significant) Digit Select 

D2 

32 (55) 

V+ = Active 

D2 Digit Select 

D3 

33 (56) 

GND = Inactive 

D3 Digit Select 

D4 

34 (57) 


D4 (Most significant) Digit Select 


* 60-Pin Flat Package Pin # in ( ). 


Output Definitions 

Output pins are defined by the aiphabeticai segment assignment and numericai digitai assignment. 



* 60-Pin Flat Package Pin # in ( ). 


Digit Assignment 
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Four Digit CMOS 
Dispiay Decoder and Driver 


TSC7211A (LCD) 
TSC7212A (LED) 


Functional Block Diagram 


TSC/211A 


SEGMENT OUTPUTS SEGMENT OUTPUTS 


7 WIDE DRIVER - 7 WIDE DRIVER 


7 WIDE LATCH EN H 7 WIDE LATCH EN 


OSCILLATOR 

16KHZ 

FREE- 

RUNNING 


BACK¬ 

PLANE 

-4-128 DRIVER 


Functional Block Diagram 


TSC7212A 


SEGMENT OUTPUTS SEGMENT OUTPUTS 


7 WIDE DRIVER - 7 WIDE DRIVED 


7 WIDE DRIVER -BRIGHTNESS 
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TSC7211A (LCD) 
TSC7212A (LED) 


Four Digit CMOS 
Dispiay Decoder and Driver 


Typical Operating Characteristics 


TSC7211A Operating Supply 
Current as a Function of 
Supply Voltage 



1 2 3 4 5 6 7 


V+ VOLTS 


TSC7211A Backplane 
Frequency as a Function 



ol_I_I_I_I_I_I_I_I_I_I_I_I 

1 2 3 4 5 6 7 


V+ VOLTS 


TSC7212A LED Segment 
Current as a Function 
of Output Voltage 



TSC7212A LED Segment 
Current as a Function of 
Brightness Control Voltage 



0 1 2 3 4 5 6 

VpiN5 VOLTS 


TSC7212A Operating Power 
(LED Display) as a Function 
of Supply Voltage 


TSC7212A 
, LED DEVICES 

DISPLAY ALL EIGHTS 

LED FORWARD VOLTAGE DROP 
VfLED = 1-7V 

PIN 5 AT V+ 

Ta = 25°C 







1 



t 




r 











/ 
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_J 

-A 

_J 
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4 5 6 

V+ VOLTS 


•pr TELEDYNE SEMICONDUCTOR 


10 - 26 












Four Digit CMOS 
Display Decoder and Driver 


TSC7211A (LCD) 
TSC7212A (LED) 


Basic Operation 


Basic Operation 

TSC7211A (LCD) Decoder/Driver 

The TSC7211A drives four digit by seven segment LCD 
displays. The device contains 28 individual segment drivers, 
a backplane driver, an on chip oscillator and a divider chain 
to generate the backplane signal. 

The 28 CMOS segment drivers and backplane driver contain 
ratioed N and P channel transistors for identical “ON” 
resistance. The equal resistances eliminate the d.c. output 
driver component resulting from unequal rise and fall times. 
This ensures maximum LCD display life. 

The backplane output driver can be disabled by grounding 
the oscillator input (pin 36). The 28 output segment drivers 
can therefore be synchronized directly to an input signal 
at the backplane terminal (pin 5). Several slave devices 
may be cascaded to the backplane output of a master device. 
The backplane signal may also be derived from an external 
source. These features permit interfacing to single back¬ 
plane LCD displays with characters in multiples of four. 

Each slave’s backplane input represents only a 200 pF capa¬ 
citive load to the master backplane driver (comparable to one 
additional segment). The number of slave devices driveable 
by a master device is therefore set by the larger display 
backplane capacitive load. The master backplane output will 
drive the display backplane of 16 one-half inch characters 
with rise and fall times under 5/usec. This represents a system 


with 3 slave devices and a fourth master TSC7211A driving 
the backplane. 

If more than four devices are slaved together, the backplane 
signal should be derived externally and all TSC7211A 
devices slaved to it. The external drive signal must drive 
a high capacitive load with 1-2 fjsec rise and fall times. 
The backplane frequency is normally 125 Hz. At lower dis¬ 
play ambient temperatures the frequency may be reduced to 
compensate for display response time. 

The on chip RC oscillator free runs at approximately 16 kHz. 
A divide by 128 circuit provides the 125 Hz backplane fre¬ 
quency. The oscillator frequency may be reduced by con¬ 
necting an external capacitor between the oscillatorterminal 
(pin 36) and V+ (see typical operating characteristic curve). 

The free running oscillator may be overriden, If desired, by an 
external clock. The backplane driver, however, must not be 
disabled during the external clock’s negative or low portion 
as this will result in a d.c. drive component being applied to 
the LCD display. This would limit the LCD’s display’s life. To 
prevent backplane driver disabling, the oscillator input 
should be driven from the positive supply to no less than one- 
fifth the supply voltage above ground. A backplane disable 
signal will not be sensed if the driving signal remains above 
ground by one-fifth the supply voltage. An alternate method 
for externally driving the oscillator permits the oscillator 
Input to swing the full supply voltage range. The oscillator 
input signal duty cycle is skewed so the low portion duration 
is less than 1 //sec. The backplane disable sensing circuit will 
not respond to such a short signal. 



Figure 4: TSC7211A Driving 8 Digit LCD Display in 
Master Slave Configuration. 
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TSC7212A LED Decoder/Driver 

The TSC7212A directly drives four digit, seven segment, 
common anode LED displays. The 28 segment drivers are 
low leakage, current controlled, open drain N-channel MOS 
transistors. 

A brightness input (pin 5) can be used in two ways to control 
output transistor drain current. The voltage at the brightness 
control input is transferred to the output transistor gate for 
“ON” segments. The brightness voltage directly modulates 
the segment drivers “ON” resistance. A variable brightness 
control may be implemented with a single potentiometer 
(Figure 4). A high value potentiometer (100 kO to 1 mO) will 
minimize power consumption. 

The brightness input may also be operated digitally as a 
display enable. At a logic 1 the display is fully “ON” and at 
a logic 0 fully “OFF.” The display brightness may be con¬ 
trolled by a logic signal of varying duty cycle also. When 
operating with LEDs at higher temperatures and/or higher 
supply voltages, the device power dissipation may need 
to be reduced to prevent excessive chip temperature rise. 
The maximum power dissipation is 1 watt at 25°C. Derated 
linearly above 36° C to 500 mW at 70° C (-15 mW/°C above 
36°C). Power dissipation for the device is given by: 


P = (V" -Vfled) (Iseg) (nsEo) 

where Vfled is the LED forward voltage drop, Ueg is segment 
current, and nsEo is the number of “ON” segments. If the 
device is operated at elevated temperatures, the segment 
current can be limited through the brightness input to keep 
power dissipation within the limits described above. 

For applications requiring brighter LED displays see the 
TSC700A data sheet. 


- V+(LED ANODES) 

100kn-1IVir2 -TO BRIGHTNESS CONTROL 

T (PINS) 


Figure 5: Brightness Controi 


Input Configuration and Output Codes 

The TSC7211A/TSC7212A accept a four-bit, true binary 
(positive level = logic 1) input at pins 27 (LSB) through 
30 (MSB). The binary input is decoded to the seven segment 
output known as “Code B.” The output display format is 0-9, 
dash, E, H, L.,P and blank (see Table 1). TheTSC7211A and 
TSC7212A will correctly decode binary and BCD true codes 
to a seven-segment output. 


The TSC7211A/TSC7212A accept multiplexed binary or 
BCD input data at pins 27 (LSB) through pin 30 (MSB). Pins 
31 (LSD) through 34 (MSD) are the digit select lines. When 
the digit select line is taken to a logic 1 level the input data 
is decoded and stored in the enabled output latch of the 
selected digit. More than one digit select line may be acti¬ 
vated simultaneously. The same character will be written into 
all selected digits. See Figure 5 for decoder segment 
assignments. 


BINARY INPUT 

CODE B 





TSC7211A 

B3 

B2 

B1 

BO 

TSC7212A 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

1 

0 

2 

0 

0 

1 

1 

3 

0 

1 

0 

0 

4 

0 

1 

0 

1 

5 

0 

1 

1 

0 

6 

0 

1 

1 

1 

7 

1 

0 

0 

0 

8 

1 

0 

0 

1 

9 

1 

0 

1 

0 

- 

1 

0 

1 

1 

E 

1 

1 

0 

0 

H 

1 

1 

0 

1 

L 

1 

1 

1 

0 

P 

1 

1 

1 

1 

(Blank) 


Table I: Output Code 


A 

o 


Figure 6: Segment Assignment 


Special Order Decoder Option 

The TSC7211A and TSC7212A are mask programmed to give 
the 16 combinations of seven segment output codes. For 
large volume orders (50 k pieces minimum) custom decoder 
options are available. Contact factory for details. 

Applications Information 

The TSC7212A has two ground pins. These pins should be 
connected together. 
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Applications Information (Continued) 



Figure 7: LCD Display Interface to 4 Digit Counter 



Figure 8: 4 1/2 Digit DPM Interfaced to LCD Display 
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Typical Applications 



Figure 9: 4 1/2 Digit ADC interfaced to LCD Dispiay 
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TSC7212A (LED) 


Typical Applications (continued) 



Figure 11: LCD Display Interface to SY6522 VIA 
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LCD DISPLAY 
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1 
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HVR 
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T1 

T2 

RCT 

F 

G 

LPR 

MSD 

TENS 

LPC 

ONES 

CAD 

E/M LSD 



V+ 

DIGIT 4 DIGIT 3 DIGIT 2 DIGIT 1 

BO 


BP 

B1 

B2 


^1^ TSC7211A 

B3 



D4 

D3 D2 D1 GND 


Figure 12: Digital Scale with LCD Readout 
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Typical Applications (continued) 


Four Digit CMOS 
Dispiay Decoder and Driver 



TSC14433A 
3 1/2 DIGIT 
A/D CONVERTER 


B __ SEL L 
EIM GND I 


DISPLAY 
FLASHES ON . 
OVERRANGE 


TSC7212A 
LED DISPLAY 
DRIVER A2 


Figure 13: TSC7212A Interface to TSC14433 A 3 1/2 Digit ADC. 
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General Description 


TSC7211AM Features (LCD Driver) 


The TSC7211AM (LCD Decoder/Driver) and TSC7212AM 
(LED Decoder/Driver) are CMOS direct drive, four digit, 
seven segment display decoder and drivers. The devices are 
bus compatible making microprocessor controlled displays 
possible. Two chip select signals control data and digit select 
code latching prior to decoding and display. External data 
latches are unnecessary. 

The TSC7211AM drives conventional LCD displays. An RC 
oscillator, divider chain, backplane driver, and 28 segment 
outputs are provided on a single CMOS chip. The segment 
drivers supply square waves of the same frequency as the 
backplane but in phase for an OFF segment and out of phase 
for an ON segment. The net d.c. voltage applied between 
driver segment and backplane is near zero maximizing dis¬ 
play lifetime. 

The TSC7212AM drives common-anode LED displays with 28 
current controlled, low leakage, open drain, N-Channel out¬ 
put transistors. The brightness control input can be used as a 
digital display enable. A varying voltage at the control input 
will allow continuous display brightness control. 

The four bit binary input code is decoded into the seven seg¬ 
ment alphanumeric code known as “Code B.” The “Code B” 
output format results in a 0 to 9, —, E, H, L, P or blank display. 
True BCD or binary inputs will be correctly decoded to the 
seven segment display format. 


Ordering Information 


Part 

No. 

Driver 

Type 

Package 

Output 

Code 

Input 

Config. 

TSC7211AMIPL 

LCD 

40-Pin 

Plastic 

Code B 

Data and 
Digit Select 
Latches 

TSC7212AMIPL 

LED 

40-Pin 

Plastic 

Code B 

Data and 
Digit Select 
Latches 

TSC7211AM/Y 

LCD 

DICE 

Code B 

Data and 
Digit Select 
Latches 

TSC7212AM/Y 

LED 

DICE 

Code B 

Data and 
Digit Seiect 
Latches 


• Four digit non-multiplexed seven segment LCD display 
outputs with backplane driver. 

• Input and digit select data latches. 

• RC oscillator on-chip generates backplane drive signal. 

• Eliminates d.c. bias which degrade LCD display life. 

• Backplane input/output pin permits synchronization of 
cascaded slave device to master backplane signal. 

• Binary and BCD inputs decoded to code B (Oto 9, —, E, 
H, L, P, blank). 

• Pin compatible and functionally equivalent to ICM7211 AM. 


TSC7212AM Features (LED Driver) 


• 28 current limited outputs drive common-anode LEDs at 
8 mA per segment. 

• Input and digit select data latches. 

• Brightness input allows potentiometer control of LED 
segment current. Pin also serves as digital display enable. 

• Same input configuration and output decoding as the 
TSC7211AM. 

• Pin compatible and functionally equivalent to ICM7212AM. 
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Pin Configuration 


E,[T 
Gi r?" 


TSC7211AMaCD) 


IT] G4 


1o~]di 

IT] Cl 
18] B1 
It] Ai 

15] OSCILLATOR 
lilGND 

S 

DIGIT SELECT 2 
-SU (DS2) 

TTl DIGIT SELECT 1 

jyiDSIl 
lo] 83 
2^ 82 
[28] 81 


E3|17 

Q3I 18 I 

F3 I 19 ' 


15] Cl 
15] B1 

l7]A1 

15] GND 


TSC7212AM(LEO) 


■ ... (CS1) 

SELECT 2 

■ - DIGIT SELECT 1 

(DSD 


[ 29 I B2 
I 28 I B1 
^ BO 


ps] C 


23 I D4 
22 ] C4 
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TSe7211AM (LCD) 
TSC7212AM (LED) 


Absolute Maximum Ratings 

Power Dissipation (Note 1) .1.0 W at 70° C 

Supply Voltage ------ ..... .. 6.5 V 

Input Voltage (Any 

Terminal) (Note 2) . V^ +0.3 V, GROUND -0.3 V 

Operating Temperature Range ...-20°G to +85°C 

Storage Temperature Range . -55° 0 to +125°C 

Lead Temperature (Soldering 10 sec.) ... 300°C 

Stresses above those listed under absolute maximum ratings may cause 
permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated 


BUS Compatible 
Four Digit CMOS 
Display Decoder/Driver 
_• Input Data Latches 


in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

Note 1: This limit refers to that of the package and will not be realized during 
normal operation. 

Note 2: Due to the SCR structure inherent in the CMOS process, connecting 
any terminal to voltages greater than V" or less than GROUND may 
cause destructive device latchup. For this reason it is recommended 
that no inputs from external sources not operating on the same 
power supply be applied to the device before its supply is established, 
and that in multiple supply systems, the supply to the TSC7211 AM/ 
TSC7212AM be turned on first. 


Table I: Operating Characteristics 

Test Conditions; ah parameters measured with V+ = 5 V. 
TSC7211AM Characteristics (LCD Decoder/Driver) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Operating Voltage Range 

Vsupp 


3 

5 

6 

V 

Operating Current 

lOP 

Display Blank 

- 

10 

50 

mA 

Oscillator Input Current 

losci 

Pin 36 

- 

±2 

±10 

mA 

Segment Rise/Fall Time 

tRFS 

Cl = 200 pF 

- 

0.5 

- 

mA 

Backplane Rise/Fall Time 

tRFB 

Cl = 5000 pF 

- 

1.5 

- 

MS 

Oscillator Frequency 

fosc 

Pin 36 Floating 

- 

16 

- 

kHz 

Backplane Frequency 

fBP 

Pin 36 Floating 

- 

125 

- 

Hz 


TSC7212AM Characteristics (Common-Anode LED Decoder/Driver) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Operating Supply Voltage Range 

Vsupp 


4 

5 

6 

V 

Operating Current 

Display Off 

lOP 

Pin 5 (Brightness), 

Pins 27-34 = GROUND 

- 

10 

50 

mA 

Operating Current 

lOP 

Pin 5 at V+, Display all 8’s 

- 

200 

- 

mA 

Segment Leakage Current 

ISLK 

Segment Off 

- 

±0.01 

±1 

mA 

Segment On Current 

ISEG 

Segment On, Vo = +3 V 

5 

8 

- 

mA 


Input Characteristics (LCD and LED Decoder/Driver) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Logical “1” Input Voltage 

ViH 


3 

- 

- 

V 

Logical “0” Input Voltage 

ViL 


- 

- 

1 

V 

Input Leakage Current 

liLK 

Pins 27 - 34 

- 

±0.01 

±1 

mA 

Input Capacitance 

CiN 

Pins 27-34 

- 

5 

- 

pF 

BP/Brightness Input Leakage 

Ibplk 

Measured at Pin 5 with Pin 36 
at GND 

_ 

±0.01 

±1 

mA 

BP/Brightness Input Capacitance 

Cbpi 

All Devices 

- 

200 

- 

pF 


AC Characteristics (LCD and LED Decoder/Driver) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Chip Select Active Pulse Width 

tCSA 

Note 1 

200 

- 

- 

ns 

Data Setup Time 

tDS 


100 

- 

- 

ns 

Data Hold Time 

tDH 


10 

0 

- 

ns 

Inter-Chip Select Time 

tics 


2 

- 

- 

MS 

Note: _ _ _ 

1. Other Chip Select (CS) is either held at logic zero or both CS1 and CS2 
driven together. 
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BUS Compatible 
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Timing Diagrams 



FREQUENCY ju"imuinRnr nmuir 


-128 CYCLES 

BACKPLANE ' _ 

INPUT/OUTPUT I 1" 


U*— 64 CYCLES 64 CYCLES -►| 

OFF SEGMENTS ■ .. . 


ON SEGMENTS 


Figure 2: LCD Display Waveforms 


Input Definitions 

In this table, V + and GROUND are considered to be normal operating input logic levels. For lowest power consumption, input 


signals should swing over the full supply. 

INPUT 

TERMINAL 

CONDITION 

FUNCTION 


BO 

27 

V + Logical One 

GND = Logical Zero 

Ones (Least Significant) 


B1 

28 

V+ = Logical One 

GND = Logical Zero 

Twos 

► Data Input Bits 

B2 

29 

V+ = Logical One 

GND = Logical Zero 

Fours 

B3 

30 

V+ = Logical One 

GND = Logical Zero 

Eights (Most Significant) ^ 


OSC 

(LCD Devices 
only) 

36 

Floating or with 
external capacitor 
GROUND 

Oscillator Input 


Disables BP output devices, allowing segments to be syn¬ 
chronized to an external signal input at the BP terminal (Pin 5) 

DS1 

31 

V+ = Logical One 

Digit Select Inputs 

DS2, DS1 = 00 Selects D4 


DS2 

32 

GND = Logical Zero 

DS2, DS1 = 01 Selects D3 
DS2, DS1 = 10 Selects D2 
DS2, DS1 = 11 Selects D1 



33 

V+ = Inactive 

When both CS1 and CS2 are low the data and digit select 
input latches are open or enabled. 

CS2 

34 

GND = Active 

On the rising of CS1 or CS2 data is latched, decoded 
and stored in the output drive latches. 
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Output Definitions 

Output pins are defined by the al| 

OUTPUT TERMINAL FI 

A1 37 A Segm 

B1 38 B 

C1 39 C 

D1 40 D 

E1 2 E 

F1 4 F . 

G1 3 G ^ 

ohabetical 

JNCTION 

entDr. Dig 

r t 

segment as 

litl (LS 

r 1 

signment and numerical digital assignmen 

OUTPUT TERMINAL FI 

>D) A3 13 A Segm 

B3 14 B 

C3 15 C 

D3 16 D 

E3 17 E 

f F3 19 F . 

G3 18 G 1 

It. 

JNCTION 

lent Dr. Die 

r ^ 

Jit 3 

r 

A2 6 A Segm 

B2 7 B 

C2 8 C 

D2 9 D 

E2 10 E 

F2 12 F . 

G2 11 G 1 

entDr. Dig 

r ^ 

lit 2 A4 20 A Segm 

B4 21 B 

C4 22 C 

D4 23 D 

E4 24 E 

f F4 26 F 1 

G4 25 G 1 

lent Dr. Die 

r } 

)it4 (MSD) 

r 1 
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TSC7211AM (LCD) 
TSC7212AM (LED) 


Functional Block Diagram 


TSC7211AM 


DATA 

INPUT o29 B2| 

^30 631 


7 WIDE LATCH EN f— 1 7 WIDE LATCH EN I 


OSCILLATOR 

16KHZ 

FREE- 

RUNNING 


BACK¬ 

PLANE 

-4-128 DRIVER 


Functional Block Diagram 


SEGMENT OUTPUTS SEGMENT OUTPUTS 


TSC7212AM 


7 WIDE DRIVER - 7 WIDE DRIVER 


7 WIDE DRIVER po BRIGHTNESS 


7 WIDE LATCH EN Pi 7 WIDE LATCH EN 


data cPfi—fli 

INPUT 0-29 B2 

sun 
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Typical Operating Characteristics 


TSC7211AM Operating Supply 
Current as a Function of 



1 2 3 4 5 6 7 

V+ VOLTS 


TSC7211AM Backplane 
Frequency as a Function 



V+ VOLTS 


TSC7212AM LED Segment 
Current as a Function 
of Output Voltage 



TSC7212AM LED Segment 
Current as a Function of 
Brightness Control Voltage 



0 1 2 3 4 5 6 

VpiN5 VOLTS 


TSC7212AM Operating Power 
(LED Display) as a Function 
of Supply Voltage 



V+ VOLTS 


Basic Operation 

TSC7211AM (LCD) Decoder/Driver 

The TSC7211AM drives four digit, seven segment LCD dis¬ 
plays. The device contains 28 individual segment drivers, a 
backplane driver, a self contained oscillator and a divider chain 
to generate the backplane signal. 

The 28 CMOS segment drivers and backplane driver contain 
ratioed N and P channel transistors for identical “ON” resis¬ 
tance. The equal resistances eliminate the d.c. output driver 
component resulting from unequal rise and fall times. This 
ensures maximum LCD display life. 

The backplane output driver can be disabled by grounding 
the oscillator input (pin 36). The 28 output segment drivers 
can therefore be synchronized directly to an input signal at 
the backplane terminal (pin 5). Several slave devices may be 
cascaded to the backplane output of a master device. The 
backplane signal may also be derived from an external 


source. These features permit interfacing to single back¬ 
plane LCD displays with characters in multiples of four. 

Each slave’s backplane input represents only a 200 pF capa¬ 
citive load to the master backplane driver (comparable to one 
additional segment). The number of slave devices driveable 
by a master device is therefore set by the larger display back¬ 
plane capacitive load. The master backplane output will drive 
the display backplane of 16 one-half inch characters with rise 
and fall times under 5 /usec. This represents a system with 3 
slave devices and a fourth master TSC7211AM driving the 
backplane (Figure 3). 

If more than four devices are slaved together, the backplane 
signal should be derived externally and all TSC7211AM 
devices slaved to it. The external drive signal must drive a 
high capacitive load with 1-2 /lisec rise and fall times. The 
backplane frequency is normally 125 Hz. At lower display 
ambient temperatures the frequency m,ay be reduced to 
compensate for display response time. 
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The on chip RC oscillator free runs at approximately 16 kHz. 
A divide by 128 circuit provides the 125 Hz backplane fre¬ 
quency. The oscillator frequency may be reduced by con¬ 
necting an external capacitor between the oscillator terminal 
(pin 36) and \/+ (see typical operating characteristic curve). 

The free running oscillator may be overriden, if desired, by an 
external clock. The backplane driver, however, must not be 
disabled during the external clock’s negative or low portion 
as this will result in a d.c. drive component being applied to 
the LCD display. This would limit the LCD’s display’s life. To 
prevent backplane driver disabling, the oscillator input 
should be driven from the positive supply to no less than one- 
fifth the supply voltage above ground. A backplane disable 
signal will not be sensed if the driving signal remains above 
ground by one-fifth the supply voltage. An alternate method 
for externally driving the oscillator permits the oscillator 
input to swing the full supply voltage range. The oscillator 
input signal duty cycle is skewed so the low portion duration 
is less than 1 /usec. The backplane disable sensing circuit will 
not respond to such a short signal. 


The brightness input may also be operated digitally as a 
display enable. At a logic 1 the display is fully “ON” and at 
a logic 0 fully “OFF.” The display brightness may be con¬ 
trolled by a logic signal of varying duty cycle also. When 
operating with LEDs at higher temperatures and/or higher 
supply voltages, the device power dissipation may need 
to be reduced to prevent excessive chip temperature rise. 
The maximum power dissipation Is 1 watt at 25° C. Derate 
linearly above 35° C to 500 mW at 70° C (-15 mW/°C above 
35°C). Power dissipation for the device is given by: 

P= (V^ -Vfled) (Iseg) (nsEG) 

where Vfled is the LED forward voltage drop, Iseg is segment 
current, and nsEG is the number of “ON” segments. If the 
device is operated at elevated temperatures, the segment 
current can be limited through the brightness input to keep 
power dissipation within the limits described above. 

The display may be blanked (all segments OFF) by applying 
the input code 1111 or by driving the brightness pin with a 
logic 0. If brightness control is not needed, pin 5 should be 
tied to 5.0 V. 



Figure 3: TSC7211AM Driving 8-Digit LCD Dispiay 


in Master Slave Configuration. 

TSC7212AM LED Decoder/Driver 

The TSC7212AM directly drives four digit, seven segment, 
common-anode LED displays. The 28 segment drivers are 
low leakage, current controlled, open drain N-channel MOS 
transistors. 

A brightness input (pin 5) can be used in two ways to control 
output transistor drain current. The voltage at the brightness 
control input is transferred to the output transistor gate for 
“ON” segments. The brightness voltage directly modulates 
the segment drivers “ON” resistance. A variable brightness 
control may be implemented with a single potentiometer 
(Figure 4). A high value potentiometer (100 kn to 1 MH) will 
minimize power consumption. 




-< 

100 k£2 - 1 M£2 < 

J 


^ (PIN 5) 


Figure 4: Brightness Control 


Input Configuration and Output Codes 

The TSC7211AM/TSC7212AM accept a four bit, true binary 
(positive level = logic 1) input at pins 27 (LSB) through 30 
(MSB). The output display format is 0 to 9, —, E, H, L,P and 
blank (see Table 1). Segment assignments are shown in 
Figure 5. The TSC7211AM and TSC7212AM will correctly 
decode binary and BCD true codes to a seven segment out¬ 
put. 

The TSC7211AM and TSC7212AM are designed to interface 
with a data bus and display data under microprocessor con¬ 
trol. Four data input bits (Pins 27-30) and two digit select 
input bits (Pins 31, 32) are written into input buffer latches. 
The rising edge of either chip select causes data to be latched, 
decoded and stored in the selected digit output data latch. 
The two bit digit code selects the appropriate output digit 
latch. The four bit display data word Is decoded to the “Code 
B” seven segment output format. 

For applications where bus compatibility is not required 
refer to the TSC7211A (LCD), TSC7212A (LED) and 
TSC700A (LED) four digit decoder driver datasheets. These 
devices are designed to accept multiplexed BCD/Binary 
input data for display under the control of four separate digit 
select control signals. 
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BINARY INPUT 

CODE B 





TSC7211AM 

B3 

B2 

B1 

BO 

TSC7212AM 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

1 

0 

2 

0 

0 

1 

1 

3 

0 

1 

0 

0 

4 

0 

1 

0 

1 

5 

0 

1 

1 

0 

6 

0 

1 

1 

1 

7 

1 

0 

0 

0 

8 

1 

0 

0 

1 

9 

1 

0 

1 

0 

— 

1 

0 

1 

1 

E 

1 

1 

0 

0 

H 

1 

1 

0 

1 

L 

1 

1 

1 

0 

P 

1 

1 

1 

1 

(Blank) 



Figure 5: Segment Assignment 


Special Order Decoder Option 

The TSC7211AM and TSC7212AM are mask programmed to 
give the 16 seven segment output codes. For large volume 
orders (25 k pieces minimum) custom decoder options are 
available. Contact factory for details. 

Applications Information 

The TSC7212AM has two ground pins. These pins should be 
connected together. 


Table 1: Output Code 










Section 11 

Interface ICs . 11-3 

TSC426/427/428 Dual High Speed Power MOSFET Driver . 11-5 

TSC450 Dual Power MOSFET Driver . 11-15 

TSC7660 DC to DC Voltage Converter . 11-19 

TSC9403 Serial lnput/16-Bit Parallel Output Peripheral Driver (20 V) . 11-31 

TSC9404 Serial Input/16-Blt Parallel Output Peripheral Driver (16 V) . 11-31 
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TSC426/427/428 
Dual Power MOSFET Driver 
• 30 ns Rise Time 
• Low Power CMOS 


General Description 

The TSC426/427/428 are dual CMOS high speed drivers. 
A TTL/CMOS input voltage level is translated into an output 
voltage level swing equalling the supply. The CMOS output 
will be within 25 mV of ground or positive supply. Bipolar 
designs are capable of swinging only within 1 volt of the 
supply. 

The low impedance high current driver outputs will swing a 
1000 pf load 18 V in 30 ns. The unique current and voltage 
drive qualities make the TSC426/427/428 ideal power MOS¬ 
FET drivers, line drivers and DC to DC converter building 
blocks. 

Input logic signals may equal the power supply voltage. Input 
current is a low 1 /lA making direct interface to CMOS/BI¬ 
POLAR switch mode power supply control integrated cir¬ 
cuits possible as well as open collector analog comparators. 

Quiescent power supply current is 8 mA maximum. The 
TSC426 requires 1/5 the current of the pin compatible bipolar 
DS0026 device. This is important in DC to DC converter 
applications with power efficiency constraints and high fre¬ 
quency switch mode power supply applications. Quiescent 


Features 


• High Speed Switching (Ch = 1000 pf) . 30 ns 

• High Peak Output Current . 1.5 A 

• High Output Voltage Swing . Vs - 25 mV 


GND + 25 mV 




Low Input Current (Logic "0” or “1”) . 1 mA 

TTL/CMOS Input Compatible 

Available in Inverting & Non-Inverting Configurations 

Wide Operating Supply Voltage .4.5 V to 18 V 

, „ ^ (Inputs Low) . 0.4 mA 

Low Power consumption High) . 8 mA 


Single Supply Operation 

Low Output Impedance .6 H 

Pin Out Equivalent to DS0026 & MMH0026 


current Is typically 6 mA when driving a 1000 pf load 18 V at 
100 kHz. 

The inverting TSC426 driver is pin compatible with the 
bipolar DS0026 and MMH0026 devices. The TSC427 is non- 
inverting; the TSC428 contains an inverting and non-inverting 
driver. 


Pin Configuration (See ordering Information on Page 4) 
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Functional Diagram 




w 


. TSC426/427/428 




NON-INVERTING 
OUTPUT 


- [">0 - Q — 

(TSC427) (TSC42 


NOTE: TSC428 HAS INVERTING & NON-INVERTING DRIVER 
GROUND UNUSED DRIVER INPUT 


©1984 
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Dual Power MOSFET Driver 

• 30 ns Rise Time 

TSC426/427/428 • Low Power CMOS 


Absolute Maximum Ratings (Notes 1 , 2 , 3) Terminal . 

Power Dissipation Operating Temperature 

Plastic ... 500 mW M Version .... 

CerDIP . 800 mW 1 version . 

Derating Factors C Version . 

. Above 36®C Maximum Chip Temperature 

CerDIP . 6.0mW/°C Storage Temperature . 

Supply Voltage . 20 V Lead Temperature (10 Sec) . 

. Vs + 0.3 V to Ground -0.3 V 

. -55®Cto +125°C 

. -25°C to +85°C 

. O’C to +70° C 

. +150°C 

. -55°Cto +150°C 

. 300°C 

TSC426 

Electrical Characteristics: ta = 25 °c with 4.5 v < vs ^ 1 8 v unless othervy/ise specified. 



TYPE 

NO. 

SYMBOL 

PARAMETER 

CONDITIONS MIN 

TSC426 

TYP 

MAX 

UNIT 

h 

P 

U 

1 

ViH 

Logic 1 

Input Voltage 

2.4 

- 

- 

V 

2 

ViL 

Logic 0 

Input Voltage 

- 

- 

0.8 

V 

T 

3 

ilN 

Input Current 

0 <ViN < Vs -1 

- 

1 

/uA 


4 

VOH 

High Output Voltage 

Vs -0.025 

- 

- 

V 

0 

u 

5 

VoL 

Low Output Voltage 

- 

- 

0.025 

V 

T 

P 

6 

Ro 

Output Resistance 

ViN ='0.8 V 

IOUT = 10mA, Vs = 18 V 

10 

15 

n 

U 

T 

7 

Ro 

Output Resistance 

ViN = 2.4 V 

louT = 10 mA, Vs = 18 V 

6 

10 

11 


8 

IPK 

Peak Output Current 

- 

1.5 

- 

A 

S 

w 

9 

Tr 

Rise Time 

Test Figure 1 — 

- 

30 

ns 


10 

Tf 

Fall Time 

Test Figure 1 — 

- 

20 

ns 

u ^ 

11 

Tdi 

Delay Time 

Test Figure 1 — 


40 

ns 

N 

G 

12 

Td2 

Delay Time 

Test Figure 1 — 

- 

75 

ns 

p ^ 

R ^ 

13 

Is 

Power Supply Current 

V|N = 3.0 V (Both Inputs) — 

- 

8.0 

mA 

14 

is 

Power Supply Current 

ViN = 0.0 V (Both Inputs) — 

- 

0.4 

mA 


TSC426 

Electrical Characteristics! over operating temperature range with 4.5 V < Vs £ 18 V unless otherwise specified. 


TYPE 

NO. 

SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TSC426 

TYP 

MAX 

UNIT 

I 

N 

P 

U 

1 

ViH 

Logic 1 

Input Voltage 


2.4 


- 

V 

2 

ViL 

Logic 0 

Input Voltage 


~ 

- 

0.8 

V 

T 

3 

IlN 

Input Current 

0 <V|N ^ Vs 

-10 

- 

10 

IxA 

0 

U 

4 

VOH 

High Output Voltage 


Vs -0.025 

- 

- 

V 

T 

P 

U 

5 

VOL 

Low Output Voltage 


- 

- 

0.025 

V 


T 
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Dual Power MOSFET Driver 

• 30 ns Rise Time 

• Low Power CMOS 


TSC426/427/428 


TSC426 

Electrical Characteristics: over operating temperature range with 4.5 V < Vs £ 18 V unless otherwise specified. 

TYPE 

NO. 

SYMBOL 

PARAMETER 

CONDITIONS MIN 

TSC426 

TYP 

MAX 

UNIT 

0 

U 

T 

6 

Ro 

Output Resistance 

ViN = 0.8 V 

louT = 10 mA. Vs = 18 V 

13 

20 

n 

P 

U 

T 

7 

Ro 

Output Resistance 

ViN = 2.4 V 

louT = 10 mA, Vs = 18 V 

8 

15 

n 

S 

w 

8 

Tr 

Rise Time 

Test Figure 1 — 

- 

60 

ns 


9 

Tf 

Fall Time 

Test Figure 1 — 

- 

40 

ns 


10 

Tdi 

Delay Time 

Test Figure 1 — 

- 

60 

ns 

N 

G 

11 

Td2 

Delay Time 

Test Figure 1 — 

- 

120 

ns 

P ® 

Op 

rL 

12 

Is 

Power Supply Current 

ViN = 3.0 V (Both Inputs) — 

- 

12.0 

mA 

13 

Is 

Power Supply Current 

V|N 0.0 V (Both Inputs) — 

- 

0.6 

mA 

TSC427 

Electrical Characteristics: ta = 25 ° 

C with4.5V< Vs < 18 V unless Otherwise specified. 



TYPE 

NO. 

SYMBOL 

PARAMETER 

CONDITIONS MIN 

TSC427 

TYP 

MAX 

UNIT 

I 

N 

P 

U 

1 

ViH 

Logic 1 

Input Voltage 

2.4 

- 

- 

V 

2 

ViL 

Logic 0 

Input Voltage 

- 

- 

0.8 

V 

T 

3 

IlN 

Input Current 

0 <V|N < Vs -1 

- 

1 

nA 


4 

VOH 

High Output Voltage 

Vs -0.025 

- 

- 

V 

0 

U 

5 

VoL 

Low Output Voltage 

- 

- 

0.025 

V 

T 

P 

6 

Ro 

Output Resistance 

ViN = 2.4 V 

loUT = 10 mA, Vs = 18 V 

10 

15 

n 

U 

T 

7 

Ro 

Output Resistance 

ViN = 0.8 V 

loUT = 10 mA, Vs = 18 V 

6 

10 

n 


8 

IPK 

Peak Output Current 

- 

1.5 

- 

A 

S 

w 

9 

Tr 

Rise Time 

Test Figure 1 — 

- 

30 

ns 

It 

c.' 

10 

Tf 

Fall Time 

Test Figure 1 — 

- 

20 

ns 

u M 

V" 

11 

Tdi 

Delay Time 

Test Figure 1 — 

- 

40 

ns 

N 

G 

12 

Td2 

Delay Time 

Test Figure 1 — 

- 

75 

ns 

P ^ 

Op 

"C 

rL 

13 

Is 

Power Supply Current 

ViN = 3.0 V (Both Inputs) — 

- 

8.0 

mA 

14 

Is 

Power Supply Current 

ViN = 0.0 V (Both Inputs) — 

- 

0.4 

mA 

NOTES: 2. Static Sensitive device. Unused devices must be stored in conductive 

1. Functional operation above the absolute maximum stress ratings is not material to protect devices from static discharge and static fields, 

implied. 3. Switching times guaranteed by design. 
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TSC426/427/428 


Dual Power MOSFET Driver 
• 30 ns Rise Time 
• Low Power CMOS 


TSC427 

EleCtriCdl ChdrdCtoristiCS! over operating temperature range with 4.5 V < Vs < 

18 V unless otherwise specified. 

TYPE 

NO. 

SYMBOL 

PARAMETER 

CONDITIONS MIN 

TSC427 

TYP 

MAX 

UNIT 

1 

N 

P 

U 

1 

ViH 

Logic 1 

Input Voltage 

2.4 

- 

- 

V 

2 

ViL 

Logic 0 

Input Voltage 

- 

- 

0.8 

V 

T 

3 

IlN 

Input Current 

0<ViN<Vs -10 

- 

10 

mA 


4 

VOH 

High Output Voltage 

Vs -0.025 

- 

- 

V 

0 

U 

T 

5 

VoL 

Low Output Voltage 

- 

- 

0.025 

V 

P 

U 

6 

Ro 

Output Resistance 

ViN = 2.4 V 

l0UT = 10 mA, Vs = 18 V 

13 

20 

a 

T 

7 

Ro 

Output Resistance 

ViN = 0.8 V 

l0UT = 10 mA, Vs= 18 V 

8 

15 

n 

S 

W 

8 

Tr 

Rise Time 

Test Figure 1 — 

- 

60 

ns 

Si 

9 

Tf 

Fall Time 

Test Figure 1 — 

- 

40 

ns 


10 

Tdi 

Delay Time 

Test Figure 1 — 

- 

60 

ns 

N 

G 

11 

TD2 

Delay Time 

Test Figure 1 — 

- 

120 

ns 

P S 

12 

Is 

Power Supply Current 

ViN = 3.0 V (Both Inputs) — 

- 

12.0 

mA 

I" 

R Y 

13 

Is 

Power Supply Current 

ViN = 0.0 V (Both Inputs) — 

- 

0.6 

mA 

TSC428 

Eiectricai Characteristics: ta = 25° 

C with 4.5 V < Vs < 18 V unless otherwise specified. 



TYPE 

NO. 

SYMBOL 

PARAMETER 

CONDITIONS MIN 

TSC428 

TYP 

MAX 

UNIT 

N 

P 

U 

1 

ViH 

Logic 1 

Input Voltage 

2.4 

- 

- 

V 

2 

ViL 

Logic 0 

Input Voltage 

- 

- 

0.8 

V 

T 

3 

IlN 

Input Current 

0 <V|N < Vs -1 

- 

1 

mA 


4 

VoH 

High Output Voltage 

Vs -0.025 

- 

- 

V 

0 

u 

5 

VOL 

Low Output Voltage 

- 

- 

0.025 

V 

T 

P 

U 

T 

6 

Ro 

Output Resistance 

Output High 

louT = 10 mA, Vs = 18 V 

10 

15 

a 

7 

Ro 

Output Resistance 

Output Low 

louT = 10 mA, Vs = 18 V 

6 

10 

a 


8 

IPK 

Peak Output Current 

- 

1.5 

- 

A 

NOTES: 2 . Static Sensitive device. Unused devices must be stored in conductive 

1 . Functional operation above the absolute maximum stress ratings is not material to protect devices from static discharge and static fields, 

implied. 3 . Switching times guaranteed by design. 
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Dual Power MOSFET Driver 

• 30 ns Rise Time 

• Low Power CMOS TSC426/427/428 


TSC428 

Electrical Characteristics: ta = 25 ° 

C with 4.5 V < Vs ^ 18 V unless otherwise specified. 



TYPE 

NO. 

SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TSC428 

TYP 

MAX 

UNIT 

S 

W 

9 

Tr 

Rise Time 

Test Figure 1 

~ 

- 

30 

ns 


10 

Tf 

Fall Time 

Test Figure 1 

- 

- 

20 

ns 

u ^ 
> 

11 

Tdi 

Delay Time 

Test Figure 1 

- 

~ 

40 

ns 

H 

G 

12 

Td2 

Delay Time 

Test Figure 1 

- 

- 

75 

ns 

pS 

wE 

eP 

R Y 

13 

Is 

Power Supply Current 

ViN = 3.0 V (Both Inputs) 

- 

- 

8.0 

mA 

14 

Is 

Power Supply Current 

ViN = 0.0 V (Both Inputs) 

- 

- 

0.4 

mA 


TSC428 

Electrica l Characteristics: Over operating temperature range with 4.5 V < Vs < 18 V unless otherwise specified. 


TYPE 

NO. 

SYMBOL 

PARAMETER 

CONDITIONS 

TSC428 

MIN TYP 

MAX 

UNIT 

1 

N 

P 

u 

1 

ViH 

Logic 1 

Input Voltage 


2.4 — 

- 

V 

2 

ViL 

Logic 0 

Input Voltage 


- - 

0.8 

V 

T 

3 

IlN 

Input Current 

0 <V|N < Vs 

-10 — 

10 

/uA 


4 

VOH 

High Output Voltage 


Vs -0.025 — 

- 

V 

0 

u 

T 

5 

VOL 

Low Output Voltage 


- - 

0.025 

V 

P 

U 

6 

Ro 

Output Resistance 

Output High 

louT = 10 mA, Vs = 18 V 

- 13 

20 

a 

T 

7 

Ro 

Output Resistance 

Output Low 

louT = 10 mA, Vs = 18 V 

— 8 

15 

a 

S 

w 

8 

Tr 

Rise Time 

Test Figure 1 

- - 

60 

ns 


9 

Tf 

Fall Time 

Test Figure 1 

- - 

40 

ns 

> 

10 

Tdi 

Delay Time 

Test Figure 1 

- - 

60 

ns 

N 

G 

11 

TD2 

Delay Time 

Test Figure 1 

- - 

120 

ns 

gy 

R Y 

12 

Is 

Power Supply Current 

ViN = 3.0 V (Both Inputs) 

- - 

12.0 

mA 

13 

Is 

Power Supply Current 

ViN = 0.0 V (Both Inputs) 

- - 

0.6 

mA 

NOTES: 

1. Functional operation above the absolute maximum stress 
implied. 

2. Static Sensitive device. Unused devices must be stored in conductive 

ratings is not material to protect devices from static discharge and static fields. 

3. Switching times guaranteed by design. 
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TSC426/427/428 


Ordering Information 


Part No. 

Package 

Configuration 

Temperature 

Range 

TSC426CPA 

8 -Pin 

Plastic Dip 

Inverting 

0°C to +70° C 

TSC426IJA‘ 

8 -Pin 

CerDIP 

Inverting 

-25° C to +85° C 

TSC426MJA* 

8 -Pin 

CerDIP 

Inverting 

-55°Cto +125° C 

TSC427CPA 

8 -Pin 

Plastic Dip 

Non-Inverting 

0°Cto +70° C 

TSC427IJA* 

8 -Pin 

CerDIP 

Non-Inverting 

-25° C to +85° C 

TSC427MJA* 

8 -Pin 

CerDIP 

Non-Inverting 

-55°C to +125° C 

Switching Time Test Circuits 


9 

Vs = 18 V 




-40^ TSC426 

(1/2TSC428) 


T 



Figure 1: Inverting Driver Switching Time 


Dual Power MOSFET Driver 
• 30 ns Rise Time 
• Low Power CMOS 


Part No. 

Package 

Configuration 

Temperature 

Range 

TSC428CPA 

8 -Pin 

Plastic Dip 

Non-Inv. & Inv. 

0°C to +70° C 

TSC428IJA* 

8 -Pin 

CerDIP 

Non-Inv. & Inv. 

-25° C to +85° C 

TSC428MJA* 

8 -Pin 

CerDIP 

Non-Inv. & Inv. 

-55°C to +125°C 

TSC426C/Y 

CHIP 

Inverting 

25° C 

TSC427C/Y 

CHIP 

Non-Inverting 

25° C 

TSC428C/Y 

CHIP 

Non-Inv. & Inv. 

25° C 


* For devices with 125° C, 160 Hour Burn In add /Bl to part number 
suffix. 



Figure 2: Non-Inverting Driver Switching Time 



TIME (100 ns/DIV) 


TSC426 Switching Speed 



TIME (100 ns/DIV) 


^ 0 ^ TELEDYNE SEMICONDUCTOR 
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Dual Power MOSFET Driver 

• 30 ns Rise Time 

• Low Power CMOS 


TSC426/427/428 
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TSC426/427/428 


Typical Characteristic Curves 


Dual Power MOSFET Driver 
• 30 ns Rise Time 
• Low Power CMOS 


Rise and Fall Time vs 
Temperature 


Delay Time vs Temperature 





TSC427 
Ta = 25 



LTSC427 ! 

Ta=25=C -4 - 1 - 

Ve = 18 V 400 kHz 



Rise and Fall Time vs 
Supply Voltage 



TEMPERATURE (“C) 

TEMPERATURE (°C) 

SUPPLY VOLTAGE (V) 

Delay Time vs Supply Voltage 

Supply Current vs 
Capacitive Load 

Rise and Fall Time vs 
Capacitive Load 



SUPPLY VOLTAGE (V) 

CAPACITIVE LOAD (pf) 

CAPACITIVE LOAD (pf) 

Supply Current vs Frequency 

High Output Voltage 

Low Output Voltage 


I I I 

TSC427 _ 



FREQUENCY (kHz) 


0 10 20 30 40 50 60 70 80 90 100 

CURRENT SOURCED(mA) 


0 10 20 30 40 50 60 70 80 90 100 

CURRENT SUNK (mA) 
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Dual Power MOSFET Driver 

• 30 ns Rise Time 

• Low Power CMOS 


TSC426/427/428 


Typical Characteristic Curves 


Quiescent Power Supply Current 
vs 

Supply Voltage 


Package Power 
Dissipation 


Quiescent Power Supply Current 
vs 

Supply Voltage 



1 2 3 4 5 6 

SUPPLY CURRENT (mA) 


Q 

CC 


S 



25 50 75 100 125 150 


AMBIENT TEMPERATURE (°C) 



SUPPLY CURRENT (aiA) 


Supply Bypassing 

Charging and discharging large capacitive loads quickly 
requires large currents. For example, changing a 1000 pf load 
18 volts in 25 ns requires a 0.8 A current from the device 
power supply. 

To guarantee low supply impedance over a wide frequency 
range, a parallel capacitor combination is recommended for 
supply bypassing. Low inductance ceramic disk capacitors 
with short lead lengths (<0.5 inch) should be used. A 4.7 /uf 
solid tantalum capacitor in parallel with one or two 0.1 uf 
ceramic disk capacitors normally provides adequate by¬ 
passing. 

Grounding 

The TSC426 and TSC428 contain inverting drivers. Ground 
potential drops developed in common ground impedances 
from input to output will appear as negative feedback and 
degrade switching speed characteristics. 

Individual ground returns for the input and output circuits or 
a ground plane should be used. 

Input stage 

The input voltage level changes the no load or quiescent sup¬ 
ply current. The N channel MOSFET input stage transistor 
drives a 2.5 mA current source load. With a logic "1" input, 
the maximum quiescent supply current is 8 mA. Logic “0” 
input level signals reduce quiescent current to 400 /uA maxi¬ 
mum. Minimum power dissipation occurs for logic “0” inputs 
for the TSC426/427/428: unused driver inputs must be 
grounded or tied to the positive suppiy. 


The TSC426/427/428 may be directly driven by the TL494, 
SG1526/1527, SG1524, SE5560 and similar switch mode 
power supply integrated circuits. 

Power Dissipation 

The supply current vs frequency and supply current vs capa¬ 
citive load characteristic curves will aid in determining power 
dissipation calculations. 

The TSC426/427/428 CMOS drivers have greatly reduced 
quiescent DC power consumption. Maximum quiescent 
current is 8 mA compared to the DS0026 40 mA specifica¬ 
tion. For a 15 V supply, power dissipation is typically 40 mW. 

Two other power dissipation components are: 

• Output stage AC and DC load power. 

• Transition state power. 

Output stage power is: 

Po = Pdc + Pag 

= Vo (Ido) +f Cl Vi 

Where: 

Vo = DC output voltage 
Idc = DC output load current 
f = Switching frequency 
Vs = Supply voltage 

In power MOSFET drive applications the Pdc term is negli¬ 
gible. MOSFET power transistors are high impedance, 
capacitive input devices. In applications where resistive 
loads or relays are driven the Pdc component will normally 
dominate. 


The drivers are designed with 100 mV of hysteresis. This pro¬ 
vides clean transitions and minimizes output stage current 
spiking when changing states. Input voltage thresholds are 
approximately 1.5 V making the device TTL compatible over 
the 4.5 V to 18 V operating supply range. Input current is less 
than 1 /uA over this range. 


The magnitude of Pac is readily estimated for several cases 


1. f = 200 kHz 

2. Cl= 1000 pf 

3. Vs = 18 V 

4. Pac = 65 mW 


1. f = 200 kHz 

2. Cl= 1000 pf 

3. Vs = 15 V 

4. Pac = 45 mW 
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TSC426/427/428 


Dual Power MOSFET Driver 
• 30 ns Rise Time 
• Low Power CMOS 


During output level state changes, a current surge will flow 
through the series connected N and P channel output 
MOSFETS as one device is turning “ON" while the other is 
turning “OFF." The current spike flows only during output 
transitions. The input levels should not be maintained 


between the logic “0" and logic “1” levels. Unused driver inputs 
must be tied to ground and not be aiiowed to fioat. Average 
power dissipation will be reduced by minimizing input rise 
times. As shown in the characteristic curves, average supply 
current is frequency dependent. 


Voltage Doubler 




0 5 10 20 30 40 50 60 70 80 90 100 

•out 


Voltage Inverter 




0 5 10 20 30 40 60 60 70 80 90 100 

•out 


Package Information 
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TSC450 
Dual Driver 


General Description 

The TSC450 isa lowcost bipolardual driver with TTL compa¬ 
tible inputs and high voltage outputs. Each device may be 
configured in an inverting or non-inverting configuration. 
The active pullup, high voltage outputs will drive power 
MOSFET gates. See the TSC426/427/428 for higher speed 
power MOSFET drivers. 

The TSC450 also serves as a logic level translator and dis¬ 
crete analog switch driver. 


Features 

• Dual Device for High Packing Density 

• User Selectable Inverting or Non-Inverting Operation 


• Single Supply Operation 

• TTL Compatible Inputs 

• High Output Sink Current. 12 mA 

• High Output Source Current . 6 mA 

• Fast Switching .125 ns 


Ordering Information 


Part No. 

Supply 

Voltage 

Temp. 

Range 

Package 

TSC450AIJE 

15 V 

-25°C to +85°C 

16PinCerDIP 

TSC460ACPE 

15 V 

0 °Cto +70° C 

16 Pin Epoxy 

TSC450BIJE 

12 V 

-25° C to +85° C 

16 Pin CerDIP 

TSC450BCPE 

12 V 

0 °C to +70° C 

16 Pin Epoxy 

TSC450AMJE 

15 V 

-55° C to +125°C 

16 Pin CerDIP 

TSC450BMJE 

12 V 

-55°CtO+125°C 

16 Pin CerDIP 


Pin Configuration 


IMC [T 

e 

^ Ycc 

OUTPUT 1 {T 


li] NC 

GROUND [T 


TTl OUTPUT 2 

INVERTING fT" 
INPUT 1 '— 

TSC450 

GROUND 

GROUND [T 


T71 INVERTING 

INPUT 2 

NON-INVERTING rr 
INPUT 1 *-2- 


vTI GROUND 

NC [T 


-rn NON-INVERTING 

ill input 2 

GROUND [T 


~9~| NC 



NC = No Connection 


Functional Diagram (1/2 Circuit) 
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TSC450 


Dual Driver 


Absolute Maximum Ratings 



J Package, 
CerDIP 

P Package, 
Plastic 


J Package, 
CerDIP 

P Package, 
Plastic 

Storage Temperature 

-66®C 
to +150°C 

-55* C 
to +100*C 

Pulsed Supply Voltage 
(less than 100 msec) 

+18.0 V 

+18.0 V 

Lead Temperature 
(1/16 inch from case, 

10 sec max) 

300* C 

300* C 

Input Voltage (any input) 
Type B Device 

Type A Device 

-0.5 to +15 V 
-0.5 to +18 V 

-0.5 to+15 V 
-0.5 to+18 V 

Continuous Supply 
Voltage 

Type B Device 

Type A Device 

+15.0 V 
+16.5 V 

+15.0 V 
+16.5 V 

Surge Sink Current 
(less than 100 msec at 

Ta = 25*C) 

20 mA 

20 mA 


Note: Exceeding the absolute maxiruum ratings may cause permanent conditions guaranteed is not impiied. 
damage. Operation at the absoiute maximum ratings or beyond the 


Electrical Characteristics: Specifications apply over fuli operating temperature range. Vcc = +15 V for type A 


devices and Vcc 

= 12 V for type B devices unless otherwise indicated. 





TYPE 

NO. 

SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

MIN 

TSC450 

TYP 

MAX 

UNIT 


1 

ViNH 

Input High Voltage 

1 IN 40 //A 

2.0 

- 

- 

V 

1 

N 

p 

2 

V,NL 

Input Low Voltage 


- 

- 

0.8 

V 

U 

T 

3 

1 INH 

Input High Current 


- 

- 

10 



4 

I INL 

Input Low Current 

ViN = 0.4 V 

- 

- 

1.6 

mA 


5 

VoHL 

Loaded Output 

High Voltage 

Vcc = 12 V, loH = 5 mA 
(Type B Device) 

6.0 

— 

— 

V 

0 

u 

6 

VoH 

Output High 

Voltage 

Vcc = 11 V 
(Type B Device) 

9.0 

— 

— 

V 

T 

p 

u 

T 

7 

VoHL 

Loaded Output 

High Voltage 

Vcc = 15 V, loH =5 mA 
(Type A Device) 

9.0 

— 

— 

V 

8 

VoH 

Output High 

Voltage 

Vcc = 14 V 
(Type A Device) 

12.0 

— 

— 

V 


9 

VoL 

Output Low Voltage 

loL <10 mA 

- 

- 

0.4 

V 

s 

Y 

S 

10 

tPDI 

Inverting Input to Output 
Propagation Delay 


-- 

- 

235 

ns 

T 

E 

M 

11 

tpDNI 

Non-Inverting Input to 
Output Propagation Delay 



- 

125 

ns 

S 

U 

P 

12 

1 cc 

Supply Current 

Type A Device 

Vcc = 16 V 

- 

- 

13 

mA 

P 

L 

Y 

13 

1 CC 

Supply Current 

Type B Device 

Vcc = 13 V 

— 

— 

10 

mA 
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Dual Driver 


TSC450 


Switching Time Definitions 



Operating Characteristics 


Output High Voltage 
TSC450 



lOH (mA) 


Output Low Voltage 
TSC450 



0 2 4 6 8 10 12 14 

lOL (mA) 
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TSC450 


Dual Driver 


Application Information 
TSC450 Drives Power MOS FET 



TSC450 Driving VMOS FET 
in Inverting Mode (Pin 4) 



Package Outlines 


TSC450 Driving VMOS FET in 
Non-Inverting Mode (Pin 2) 




Epoxy DIP 
(Package #8) 



i5» 

W TELEDYNE SEMICONDUCTOR 



CerDIP 
(Package #9) 



L DIMENSIONS IN INCHES (MILLIMETERS) 
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TELEDYNE 

SEMICONDUCTOR 


TSC7660 
DC to DC 
Voltage Converter 


General Description 

The TSC7660 DC to DC converter will generate a negative 
voltage from a positive source. With two external capacitors 
the TSC7660 will convert a 1.5 V to 10.0 V input signal to -1.5 V 
to -10.0 V level. The TSC7660 easily generates -5 V in +5 V 
digital systems. 

Many analog to digital converters, digital to analog conver¬ 
ters, operational amplifiers, and multiplexers require nega¬ 
tive supply voltages. The TSC7660 allows +5 V digital logic 
systems to incorporate these analog components without 
adding an additional main power source. The TSC7660 can 
lower total system cost, ease engineering development and 
save space, power and weight. 

The TSC7660 charges a capacitor to the applied supply vol¬ 
tage. Internal analog gates connect the capacitor across the 
output. Charge is transferred to an output storage capacitor 
completing the voltage conversion. Operation requires only 
two external capacitors for supply voltage <6.5 V. 

Contained on-chip are a series DC power supply regulator, 
RC oscillator, voltage level translator, four output power 
MOS switches, and a unique logic element which senses the 
most negative voltage in the device and ensures that the out¬ 
put N-channel switches are not forward biased. This assures 
latch-up free operation. 

The oscillator, when unloaded, oscillates at a nominal fre¬ 
quency of 10 kHz for an input supply voltage of 5.0 volts. This 
frequency can be lowered by the addition of an external 
capacitor to the “CSC” terminal, or the oscillator may be 
overdriven by an external clock. 

The “LV” terminal may be tied to GROUND to bypass the 
internal series regulator and improve low voltage (LV) opera¬ 
tion. At medium to high voltages (+3.5 to +10.0 volts), the LV 
pin is left floating to prevent device latchup. 


Features 

• Converts +5 V Logic Supply to ±5 V System 


• Wide Input Voltage Range. 1.5 V to 10.0 V 

• Efficient Voltage Conversion . 99.9% 

• Excellent Power Efficiency . 98% 

• Low Supply Current . 500 mA Max. 


• Cascade for Output Voltage Multiplication 

• Low Cost and Easy to Use 

— Only 2 External Capacitors Required 

• RS232 Negative Power Supply 

• Available in Small Outline SO Package 

Ordering Information_ 


Part No. 

Package 

Temperature Range 

TSC7660CPA 

8 -Pin Plastic DIP 

0°C to +70° C 

TSC7660IJA 

8 -Pin CerDIP 

-40°Cto +85° C 

TSC7660MJA 

8 -Pin CerDIP 

-55°Cto+125°C 

TSC7660COA 

8 -Pin SO 

0°C to +70° C 

TSC7660/Y 

Chip 

25° C 

Devices with MIL-STD-883 Processing 

TSC7660MJA/883 

8 -Pin CerDIP 

-55°Cto +125°C 


The TSC7660 open circuit output voltage is equal to the input 
voltage to within 0.1%. The TSC7660 has a 98% power con¬ 
version efficiency for a 2 -5 mA load currents. 


Pin Configuration 


NC \T 

• 

1] V+ 

CAP* \T 


T] osc 

GND [T 

TSC7660 

T] LV 

CAP- [T 


J] ''out 
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DC to DC 

TSC7660 _ Voltage Converter 


Absolute Maximum Ratings 

Supply Voltage. 10.5 V TSC7660M . -55°C to+125°C 

LV and OSC Input Voltage TSC7660C . 0®C to 70°C 

(Note 1) .-0.3 V to (V'*' +0.3 V) for < 5.5 V Storage Temperature Range .-65°C to 150°C 

(V* -5.5 V) to (V* +0.3 V) for V* > 5.5 V (Soldering, 10 sec.) . 300“C 

Current into LV (Note 1) .20 /xA for V"*" > 3.5 V 

Output Short Duration (Vsupply < 5.5 V) _Continuous 

Power Dissipation (Note 2) Stresses above those listed under Absolute Maximum Ratings may cause 

HfirDIP Pflckagp ROO mW permanent damage to the device. These are stress ratings only, and functional 

Plastic Parkanp mW operation of the device at these or any other conditions above those indicated 

. _ ® _ . in the operational sections of the specifications is not implied. Exposure to 

Operating Temperature Range absolute maximum rating conditions for extended periods may affect device 

TSC7660I .-40°etc+85®C reliability. 

Operating Characteristics v* = 5 v, ta 

= 25°C, Cose = 0, Test Circuit Figure 1 (unless otherwise specified) 

NO. 

SYMBOL PARAMETER 

CONDITIONS 

MIN 

LIMITS 

TYP 

MAX 

UNIT 

1 

r 

Supply Current 

Rl = * 

— 

170 

500 

mA 

2 

V*H1 

Supply Voltage Range - HI 

0°C<Ta<70°C, 

RL = 10ka LVOpen 

3.0 

- 

6.5 

V 


(Dx Out of Circuit) (Note 3) 

-55°C<Ta< 125°C, 

10 kn, LV to GROUND 

3.0 

- 

5.0 

V 

3 

v\i 

Supply voltage Range - Lo 
(Dx Out of Circuit) 

MIN < Ta < MAX, 

RL = 10ka LV to GROUND 

1.5 

- 

3.5 

V 

4 

V'^H2 

Supply Voltage Range - HI 
(Dx In Circuit) 

MIN < Ta < MAX, 

RL = 10ka LVOpen 

3.0 

- 

10.0 

V 

5 

V'^L2 

Supply Voltage Range - Lo 
(Dx In Circuit) 

MIN<Ta<MAX, 

RL=10kn, LV to GROUND 

1.5 


3.5 

V 




Iout = 20 mA, Ta = 25°C 

- 

55 

100 

n 




louT = 20 mA, -40° C < Ta < +85° C 
[1 Device] 

- 

- 

130 

n 




louT = 20 mA, -20° C < Ta < +70° C 
[C Device] 

- 

- 

120 

n 

6 

Rout 

Output Source Resistance 

louT = 20 mA, -55° C < Ta ^ 

+125° C (Note 3) 

- 


150 

a 




V* = 2 V, louT = 3 mA, LV to GROUND 
-20 '>C<Ta<+70°C 

- 

- 

300 

a 




= 2 V, loUT = 3 mA, LV to GROUND, 
-55°C < Ta < +125°C, Dx In Circuit 
(Note 3) 

- 

- 

600 

a 

7 

fosc 

Oscillator Frequency 


— 

10 

- 

kHz 

8 

Pef 

Power Efficiency 

Rl = 5 kn 

95 

98 

— 

% 

9 

VOUT EF 

Voltage Conversion Efficiency 

Rl = 00 

97 

99.9 

— 

% 

10 

Zosc 

Oscillator Impedance 

V* = 2 Volts 

— 

1.0 

— 

M a 


V* = 5 Volts 

— 

100 

— 

k a 

Notes: 

1. Connecting any input terminal to voltages greater than C+ or less than 2. Derate linearly above 50®C by 5.5 mW/®C. 

GROUND may cause destructive latchup. It is recommended that no inputs 3. TSC7660M only, 

from sources operating from external supplies be applied prior to “power 
up” of the TSC7660. 
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DC to DC 

Voltage Converter _ 

Typical Performance Characteristics (Circuit of Figure 1) 


TSC7660 


Operating Voltage as Output Source Resistance as Output Source Resistance as 

a Function of Temperature a Function of Supply Voltage a Function of Temperature 



TEMPERATURE (°C) SUPPLY VOLTAGE (V+) TEMPERATURE TO 


Power Conversion Efficiency Frequency of Oscillation as Unloaded Oscillator 

as a Function of Osc. a Function of External Osc. Frequency as a Function 

Frequency Capacitance of Temperature 



Ik 

10k 

1.0 10 

100 

1000 

10k 

-55 -25 

0 +25 +50 +: 

OSC FREQUENCY foSC(Hz) 



Cose (pF) 




TEMPERATURE TO 


Output Voltage Output Voltage vs Current Output Voltage as a Function 

vs Current ^ Diode In Circuit — of Output Current 



0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 


OUTPUT CURRENT (mA) OUTPUT CURRENT (mA) LOAD CURRENT II (mA) 
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TSC7660 _ 

Typical Performance Characteristics (Circuit of Figure i) 


DC to DC 
Voltage Converter 


Supply Current & Power Supply Current Power 

Output Voltage as a Function Conversion Efficiency as Conversion Efficiency as 

of Output Current a Function of Load Current a Function of Load Current 



LOAD CURRENT iL(mA) LOAD CURRENT II (mA) LOAD CURRENT II (mA) 

Note 4. 

Note that the curves on the right include in the the positive side of the load, and the other half, 

supply current that current fed directly into the through the TSC7660, to the negative side of the 

load (Rl) from V'*’ (see Figure 1). Thus, approxi- load. Ideally, Vout = 2 Vin, Is - 2 II, so Vin • Is- 
TCSt Circuit mately half the supply current goes directly to Vout • II. 



Figure 1: TSC7660 Test Circuit Figure 2: Chip Topography 


Circuit Description 

The TSC7660 contains all the necessary circuitry to com¬ 
plete a voltage doubler, with the exception of two external 
capacitors which may be inexpensive 10 /uF polarized electro¬ 
lytic capacitors. Operation is best understood by considering 
Figure 3, which shows an idealized voltage doubler. Capacitor 
Ci is charged to a voltage, V"^, for the half cycle when switches 
Si and S 3 are closed. (Note: Switches S2 and S4 are open 
during this half cycle.) During the second half cycle of opera¬ 
tion, switches S 2 and S4 are closed, with Si and S3 open, 
thereby shifting capacitor Ci negatively by V"*” volts. Charge 
is then transferred from Ci to C 2 such that the voltage on C 2 is 
exactly assuming ideal switches and no load on C 2 . 

The 4 switches in Figure 3 are MCS power switches; Si is a 
P-channel device and S 2 , S3 and S4 are N-channel devices. 
The main difficulty with this approach is that in integrating 



Figure 3: Idealized Switched Capacitor 
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DC to DC 
Voltage Converter 


TSC7660 


the switches, the substrates of S 3 and Sa must always remain 
reverse biased with respect to their sources, but not so much 
as to degrade their “ON” resistances. In addition, at circuit 
startup, and under output short circuit conditions (Vout = V ), 
the output voltage must be sensed and the substrate bias 
adjusted accordingly. Failure to accomplish this would result 
in high power losses and probable device latchup. 

This problem is eliminated in the TSC7660 by a logic network 
which senses the output voltage (Vout) together with the 
level translators and switches the substrates or S 3 and S 4 to 
the correct level to maintain necessary reverse bias. 

The voltage regulator portion of the TSC7660 is an integral 
part of the anti-latchup circuitry. It’s inherent voltage drop 
can, however, degrade operation at lowvoltages. To Improve 
low voltage operation the “LV” pin should be connected to 
GND, disabling the regulator. For supply voltages greater 
than 3.5 volts the LV terminal must be left open to insure 
latchup proof operation, and prevent device damage. 

Theoretical Power Efficiency 
Considerations 

In theory a voltage multiplier can approach 100% efficiency If 
certain conditions are met: 

• The drive circuitry consumes minimal power 

• The output switches have extremely low ON resistance 
and virtually no offset. 

• The impedances of the pump and reservoir capacitors are 
negligible at the pump frequency. 

The TSC7660 approaches these conditions for negative vol¬ 
tage multiplication if large values of Ci and C 2 are used. 

Energy is lost only in the transfer of charge between capaci¬ 
tors if a change in voltage occurs. The energy lost is defined by: 


Considerations for High Voltage and 
Elevated Temperature 

The TSC7660 will operate efficiently over its specified temp¬ 
erature range with only two external passive components 
(storage and pump capacitors), provided the operating sup¬ 
ply voltage does not exceed 6.5 volts at +70° C and 5.0 volts at 
+125°C. Exceeding these maximums at the temperatures 
indicated may result in desctructive latch-up of the TSC7660 
(Ref: Graph “Operating Voltage Vs. Temperature”) 
Operation at supply voltages of up to 10.0 volts over the full 
temperature range without danger of latch-up can be achieved 
by adding a general purpose diode In series with the TSC7660 
output, as shown by “Dx” in the circuit diagrams. The effect 
of this diode on overall circuit performance is the reduction 
of output voltage by one diode drop (approximately 0.6 volts). 


Typical Applications 

Simple Negative Voltage Converter 

Figure 4 shows typical connections to provide a negative 
supply where a positive supply is available. A similar scheme 
may be employed for supply voltages anywhere in the opera¬ 
ting range of +1.5 V to+10.0 V, keeping in mind that pin 6 (LV) 
is tied to the supply negative (GND) only for supply voltages 
below 3.5 volts, and that diode Dx must be included for pro¬ 
per operation at higher voltage and/or elevated temperatures. 


The output characteristics of the circuit in Figure 4 are those of 
a nearly ideal voltage source in series with 70 ohms. Thus for a 
load current of -10 mA and a supply voltage of +5 volts, the 
output voltage would be -4.3 volts. The dynamic output impe¬ 
dance due to the capacitor impedances is approximately 1/coC 
where: 


11 


C = Cl = C2 


E = 1/2 Cl (Vi2- V22) 

Vi and V 2 are the voltages on Ci during the pump and transfer 
cycles. If the impedances of Ci and C 2 are relatively high at 
the pump frequency (refer to Figure 3) compared to the value 
of Rl, there will be a substantial difference in the voltages Vi 
and V 2 . Therefore, it is not only desirable to make C 2 as large 
as possible to eliminate output voltage ripple, but also to 
employ a correspondingly large value for Ci in order to 
achieve maximum efficiency of operation. 

Do’s And Don’ts 

• Do not exceed maximum supply voltages. 

• Do not connect LV terminal to GROUND for supply 
voltages greater than 3.5 volts. 

• Do not short circuit the output to V"^ supply for supply 
voltages above 5.5 volts for extended periods, however, 
transient conditions including startup are okay. 

• When using polarized capacitors, the + terminal of Ci 
must be connected to pin 2 of the TSC7660 and the 
+ terminal of C 2 must be connected to GROUND. 

• Add diode Dx as shown in Figure 1 for high-voltage, 
elevated temperature applications. A1N914 diode is 
suitable. 


giving 


= 3 ohms 


ojC 27rfoscx10-5 

for C = 10 /uF and f osc = 5 kHZ (1/2 of oscillator frequency) 
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TSC7660 


DC to DC 
Voltage Converter 


Paralleling Devices 

Any number of TSC7660 voltage convertors may be paralleled 
to reduce output resistance. The reservoir capacitor, C 2 , 
serves all devices while each device requires its own pump 


capacitor, Ci. The resultant output resistance would be 
approximately 

Rout (of TSC7660) 

Rout =--- 

n (number of devices) 





Figure 5: Paralleling Devices Lowers Output Impedance 


Cascading Devices 

The TSC7660 may be cascaded as shown to produce larger 
negative multiplication of the initial supply voltage, however, 
due to the finite efficiency of each device, the practical limit is 
10 devices for light loads. The output voltage is defined by: 


VouT = -n (Vin), ' 

where n is an integer representing the nujnber of devices 
cascaded. The resulting output resistance would be approxi¬ 
mately the weighted sum of the individual TSC7660 Rout 
values. 


J 


-Li 


-ta 


* V 

b- 


TSC7660 Y] 




*Note: 

1. VouT = -n V"^ FOR 1.5 V < V"^ < 6.5 V 

2. VouT = -n (V* -Vfdx) for 6.5 V < V'^ < 10.0 V 


[d 





Zl 


TSC7660 

n 


"n" 

T> 


"a 

Dx" 

r-K--] 


■x: 


Figure 6: Increased Output Voltage By Cascading Devices 


Changing the TSC7660 Oscillator Frequency 

It may be desirable in some applications, due to noise or 
other considerations, to increase the oscillator frequency. 
This isachieved by overdriving the oscillatorfrom an external 
clock, as shown in Figure 7. In order to prevent possible 
device latchup, a 1 kO resistor must be used in series with the 
clock output. In the situation where the designer has gene¬ 
rated the external clock frequency using TTL logic, the addi¬ 
tion of a 10 kn pullup resistor to supply is required. Note 
that the pump frequency with external clocking, as with 
internal clocking, will be 1/2 of the clock frequency. Output 
transitions occur on the positive-going edge of the clock. 
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DC to DC 
Voltage Converter 


TSC7660 


It is also possible to increase the conversion efficiency of the 
TSC7660 at low load levels by lowering the oscillator fre¬ 
quency. This reduces the switching losses, and is achieved 
by connecting an additional capacitor, Cose, as shown in 
Figure 8. Lowering the oscillator frequency will cause an 
undesirable increase in the impedance of the pump (Ci) and 
the reservoir (C 2 ) capacitors. To overcome this increase the 
values of Ci and C 2 by the same factor that the frequency has 
been reduced. For example, the addition of a 100 pf capaci¬ 
tor between pin 7 (Osc) and will lower the oscillator fre¬ 
quency to 1 kHz from its nominal frequency of 10 kHz (a 
multiple of 10), and necessitate a corresponding increase in 
the value of Ci and C 2 (from 10 /xF to 100 nf). 



Figure 8: Lowering Osciiiator Frequency 


Positive Voltage Multiplication 

The TSC7660 may be employed to achieve positive voltage 
multiplication using the circuit shown in Figure 9. In this 
application, the pump inverter switches of the TSC7660 are 
used to charge Ci to a voltage level of -Vp (where \/^ is the 
supply voltage and Vp is the forward voltage drop of diode Di). 
On the transfer cycle, the voltage on Ci plus the supply voltage 
(V"^) is applied through dfode D 2 to capacitor C 2 . The voltage 
thus created on C 2 becomes (2 V'*') - (2 Vp) or twice the sup¬ 
ply voltage minus the combined forward voltage drops of 
diodes Di and D 2 . 

The source impedance of the output (Vout) will depend on 
the output current, but for V'*’ = 5 volts and an output current 
of 10 mA it will be approximately 60 ohms. 



Combined Negative Voitage Conversion 
and Positive Suppiy Muitipiication 

Figure 10 combines the functions shown in Figures4and9to 
provide negative voltage conversion and positive voltage 
multiplication simultaneously. This approach would be, for 
example, suitable for generating +9 volts and -5 volts from an 
existing +5 volt supply. In this instance capacitors Ci and C3 
perform the pump and reservoir functions respectively for 
the generation of the negative voltage, while capacitors C2 
and C4 are pump and reservoir respectively for the multiplied 
positive voltage. There Is a penalty In this configuration 
which combines both functions, however, in that the source 
impedances of the generated supplies will be somewhat 
higher due to the finite impedance of the common charge 
pump driver at pin 2 of the device. 



Figure 10: Combined Negative Converter and 
Positive Multipiier 


Efficient Positive Voitage 
Muitiplication/Conversion 

Since the switches that allow the charge pumping operation 
are bidirectional, the charge transer_canjbe performed back¬ 
wards as easily as forwards. Figure 11 shows a TSC7660 
transforming -5 V to +5 V (or +5 V to +10 V, etc.). The only 
problem here is that the internal clock and switch-drive 
section will not operate until some positive voltage has been 
generated. An initial inefficient pump, as shown in Figure 10, 
could be used to start this circuit up, after which it will bypass 
the other (DI and D2 in Figure 10 would neverturn on) orelse 
the diode and resistor shown dotted in Figure 11 can be used 
to “force” the internal regulator on. 
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TSC7660 


DC to DC 
Voltage Converter 


Voltage Splitting 

The same bidirectional characteristics used in Figure 11 can 
also be used to split a higher supply in half, as shown in 
Figure 12. The combined load will be evenly shared between 
the two sides. Once again, a high value resistor to the LV pin 
ensures start-up. Because the switches share the load in 
parallel, the output impedance is much lower than in the 
standard circuits, and higher currents can be drawn from the 
device. By using this circuit, and then the circuit of Figure 6, 
+15 V can be converted (via +7.5, and -7.5 V) to a nominal 
-15 V, though with rather high series resistance (-250 H). 



Figure 12: Splitting a Supply in Half. 

Negative Voltage Generation for 
Display ADCs 


The TSC7106 is designed to work from a 9 V battery. With 
fixed power supply system theTSC7106will perform conver¬ 
sions with input signals referenced to power supply ground. 



Figure 13a: Fixed Power Supply Operation 
of TSC7106 ADC. 



Figure 13b: Negative Power Supply Generation for TSC7107A ADC 
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DC to DC 

Voltage Converter _ TSC7660 

Negative Supply Generation for 
4 1/2 Digit Data Acquisition System 

The TSC7136 is a 4 1/2 Digit ADC operating from ±5 V sup- see AN16 and AN17 for TSC7136 Interface details and soft- 
plies. The TSC7660 inexpensively provides a -5 V source. ware routines. 



Figure 14: TSC7660 Supplies -5 V for Converters in Microprocessor Controlled Data Acquisition Systems. 
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TSC7660 


DC to DC 
Voltage Converter 


Negative Supply Generation for TSC94XX Frequency to Voltage Converters. 


10 KH2 FULL SCALE | 

Cf = 1000pF 


- GAIN STAGE*- 


‘^f^TSC900/TSG7650 
D+5 V 




CR = nopF 
, 11 . 

- II 



3 

.«j|(9a.TSC9400 

^IN Vo 

GND 

Vs BIAS Vs Vr INPUT 

12 1 

6 

h 


TSC7660 


f 




10 pF 

Ha 


1 kf2 

■v W- * . I MC1400UZ ♦ 


- RIPPLE ATTENUATOR - 


'AV'-1 



»*SETS Vr input at -2.5 V. 


Figure 15: TSC7660 Supplies Negative Supply for TSC9400/9401/9402 Frequency to Voltage Converters. 
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DC to DC 
Voltage Converter 


TSC7660 


Package Outline 
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TSC9403 
TSC9404 
Serial input/16-Bit Parallel 
Output Peripheral Driver 
• High Voltage, High Current Outputs 


General Description 

The Teledyne Semiconductor TSC9403 and TSC9404 are 
serial input, 16-bit parallel output shift registers. High output 
power MOS switching transistors make the TSC9403 and 
TSC9404 ideal interface circuits between microprocessor 
I/O ports and high current/voltage peripherals. The CMOS 
construction limits quiescent power dissipation to 20 mW. 

The TSC9403 common source, open drain MOS outputs sus¬ 
tain 20 V in the OFF state and maintain leakage currents 
under 100 /xA. The TSC9404 outputs are rated at 15 V. The 16 
parallel outputs will continuously sink 60 mA. (Vsat < 0.5 V). 

Successive connection of serial data outputs to serial data 
inputs make longer length serial to parallel conversions 
possible. Device cascading makes the TSC9403 and TSC9404 
ideal thermal printhead or high resolution LED bar graph 
drivers. 


Ordering Information 


Part 

Package 

Temperature 

Range 

Output 

Voltage 

TSC9403CJ 

24-Pin 

Epoxy Dip 

O^Cto 70«C 

20 V 

TSC9403IL 

24-Pin 

CerDIP 

-25"Cto 85® C 

20 V 

TSC9404CJ 

24-Pin 

Epoxy Dip 

0°Cto 70® C 

15 V 

TSC9404IL 

24-Pin 

CerDIP 

-25®Cto 85® C 

15 V 

TSC9404ML 

24-Pin 

CerDIP 

-55®Cto 125®C 

15 V 


Features 

• High Voltage Outputs: 20 V (TSC9403), 15 V (TSC9404) 

• High Output Current Sink Capability: 60 mA 

• Low Standby Power: 20 mW 

• High Speed Operation: 3.0 MHz 

• 16 Parallel Outputs 

• Cascading Possible for Longer Data Words 

Applications 

• Incandescent Lamp Driver 

• Thermal Printhead Driver 

• LED Bar Graph Driver 

• High Current, Microprocessor Serial Port Expander 

• Relay/Solenoid Driver 

• Tungsten Lamp Driver 

• SCR Gate Driver 


Pin Configuration 


SERIAL DATA INPUT C 
LOGIC GROUND C : 

Qi C : 
02 C 4 
Q3 C 5 
04 c 6 
OUTPUT GROUND [I 7 

Q5 C 8 
Qe L 9 

Q? C 1 
Qs C 1 

OUTPUT GROUND [] 1 



Simplified Schematic 



11-31 TELEDYNE SEMICONDUCTOR 


11 







Serial input/16-Bit Parallel 

TSC9403 Output Peripheral Driver 

TSC9404__• High Voltage, High Current Outputs 


Absolute Maximum Ratings 


Supply Voltage (V+ to Logic Ground) .. 

. 7.0 V 

CerDIP Package . 


.... 0.4W@+125°C 

Digital Logic Input Voltage . 

.. 5.5V 

Epoxy Package . 



1 W @ 70°C 

Parallel Output Drain Voltage . 

.22 V 

Operating Temperature 




Parallel Output Drain Current . 

. 80 mA 

CerDIP Package (IL) . 


-25°C< Ta<+85°C 

Logic Ground to Output Ground 


CerDIP Pacakge (ML) 


-55°C<Ta<+125°C 

Potential Difference 


. 100 mV 

Epoxy Package (CJ) .. 


.. 0°C<Ta<+70°C 

Package Power Dissipation 


Storage Temperature ... 


-65°C< Ta<+150°C 

CerDIP Package ... 


. 1 W@85°C 

Lead Temperature (Soldering, 60 Sec) ....... 

.... +300° C 

Electrical Characteristics (Vs 

= 5.0 V, 0°C < Ta < +70° C for TSC9403CJ, TSC9404CJ and 

-25°C<Ta +85° C for 

TSC9403IL, TSC9404IL, and -55° 0 to +125°C for TSC9404ML unless otherwise stated). 







TSC9403/TSC9404 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output ON Voltage 

Vs AT 

< > 

IIII 

- 

0.35 

0.5 

V 

Output OFF Voltage 

Vb 

TSC9403 

~ 

- 

20 

V 

TSC9404 

- 

— 

15 

V 



Output Sink 

Current 

I/O 

Vs AT < 0.5 V 
(Note 1) 

60 

~ 


mA 

Output Leakage 

Current 

lox 

Vs = 4.75 V 

Vb = 20 V (TSC9403) 
Vb = 15 V (TSC9404) 

- 

- 

100 

mA 

Logic “1” 

Input Voltage 

ViNH 

Vs = 5.25 V 

3.3 

- 

~ 

V 

Logic “0” 

Input Voltage 

ViNL 

Vs = 5.25 V 

- 

- 

0.8 

V 

Logic “1” 

Input Current 

IlNH 

Vs = 5.25 V 

- 

- 

20 

mA 

Logic “0” 

Input Current 

IlNL 

Vinl= 0.4 V 

Vs = 5.25 V 

- 

- 

400 

mA 

Input Capacitance 

CiN 

ViNL = 0 V 

- 

15 

— 

pF 

Serial Output 

VOH 

lOH = 400 fiA 

2.4 

— 

— 

V 

Logic “1” Voltage 

lOH = ^0 n A 

4.5 

— 

— 

V 

Serial Output 

Logic “0” Voltage 

VoL 

lOL = 5 mA 

- 

- 

0.4 

V 

Serial Input 

Data Hold Time 

tDH 


20 

0 

- 

ns 

Serial Input 

Data Set-up Time 

tDS 


100 

70 

- 

ns 

Clock Frequency 

tCP 


3 

5 

- 

MHz 

Clock Pulse Width 

tPW 


150 

100 

- 

ns 

Parallel Output 

Low to High 

Transition Time 

tPLH 

Vb = 20 V (TSC9403) 
Vb = 15 V (TSC9404) 
Rl = 330 n 

Cl = 25 pF 

- 

- 

150 

ns 

Parallel Output 

High to Low 

Transition Time 

tPHL 

Vb = 20 V (TSC9403) 
Vb = 15 V (TSC9404) 
Rl = 330n 

Cl = pF 

- 

- 

200 

ns 

Serial Output 

Low to High 

Transition Time 

tSLH 

lOH = 400 ijlA 

Cl = 25 pF 


- 

150 

ns 
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Serial Input/16-Bit Parallel 

Output Peripheral Driver TSC9403 

• High Voltage, High Current Outputs _TSC9404 


Electrical Characteristics (Cont.) 




TSC9403/TSC9404 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN TYP 

MAX 

UNITS 

Serial Output 

High to Low 
Transition Time 

tSHL 

lOL = 5 mA 

Cl = 25 pF 

- - 

75 

ns 

Operating 

Supply Voltage 

Vs 


4.75 5.0 

5.25 

V 

Quiescent 

Power Supply 

Is 

Vs = 5.25 V 
fc = 0 Hz 

ViHL = 0 V 
lo = 0 mA 

Pin 22 Open 

— 1.0 

4.0 

mA 


Note 1: Maintain Chip Temperatures 150°C. 


Timing Diagrams 



Function Table 


DATA 

INPUT 

Dn 

CLOCK 

INPUT 

PARALLEL OUTPUTS 

Qi 

02 

Q3 

• • • Qi6 

X 

L 

D^ 

Di 


.. .Die 

H 

_y" 

L" 

D^ 

Di 

.. .Die 

L 

jr 

H* 

D^ 


D^ 


L = Logic 0 
H = Logic 1 

L* = Output NMOS ON 
H* = Output NMOS OFF 

X == Don’t Care 

—Transition from Low to High 

Di, D 2 , ... Die = Data Inputs at Clock Time T-n. 
Data is Inverted at the Parallel Outputs. 
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TSC9403 

TSC9404 


Serial Input/16-Bit Parallel 
Output Peripheral Driver 
High Voltage, High Current Outputs 


Applications 


Microprocessor Controlled LED Bar 

Graph Display Thermal Printhead Driver 



Package Outline 
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TELEDYNE 

SEMICONDUCTOR 


TSC9491 
1.22 V. Bandgap Reference 


Features 

• Guaranteed temperature coefficient: 50 or 100 ppm/°C 

• Low bias current: 50/tA 

• Low breakdown voltage; 1.22V 

• Low dynamic impedance 2Q max. 

• TO-18 or TO-92 package 

• Low Cost 

Applications 

• Reference for A/D and D/A converters 

• Threshold detectors 

• Voltage Regulators 

• VOM and VTVM's 

• Amplifier biasing 

• Battery operated equipment 


General Description 

The TSC9491 is a 1.22 V temperature compensated 
voltage reference. It uses the band-gap principal to 
achieve extremely tight regulation over a wide range 
of operating currents. The use of thin film resistors 
assures long term stability and low noise. 

Connection Diagram 

Bottom Views 



TO-18 TO-92 


Ordering Information 



Temperature Range 

Temp. Coeff. 

-55°C to +125°C 

0°C to 70°C 

(TO-18) 

(TO-92) 

50 ppm/°C 

TSC9491AM 

TSC9491AJ 

100 DDm/°C 

TSC9491BM 

TSC9491BJ 


Packaging Information 


12 


TO-18 
(2 PIN) 


TO-92 
(2 PIN) 




All dimensions in inches (millimeters) 
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9491 


Absolute Maximum Rating^ 



TO-18 

TO-92 

Storage Temperature 

-65°C to +200°C 

-55°Cto +150°C 

Operating Temperature 

-55°Cto +125°C 

0°C to +70°C 

Forward Current, Max. 

5mA 

5mA 

Reverse Current, Max. 

1mA 

1mA 

Power Dissipation 

Limited by max forward/reverse current 

Lead Temperature 
(Soldering, 10 seconds) 

300°C 

260°C 


Electrical Characteristics (T^ = 25°C unless otherwise noted) 


Parameters 


Min 

Typ 

Max 

Units 

Conditions 

Reverse Breakdown 
Voltage 

^VR 

1.20 

1.22 

1.25 

V 

Ir = 500/4 A 

Reverse Breakdown 
Voltage Change 

A Bvr 

- 

15 

20 

mV 

5 O/ 4 A < Ir < 500iuA 

Temp. Coefficient 

TSC9491B 

A Bvr 


.003 

1 

0.01 * 

%/°C 

Ir = 500mA 

TSC9491A 

AT 


.003 

0.005 

Reverse Current 

1 R 

0.05 

- 


mA 



Applications/Design Circuits 

Adjustable Voltage Reference 




R 4 = *^2 * R 3 

R2 + R3 
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TSC9495 
+5 V Band Gap 
Voltage Reference 


General Description 

The TSC9495, Precision Voltage Reference, uses the band 
gap principle to generate an extremely stable 5 volt refer¬ 
ence. Included in the TSC9495 are a band gap reference, an 
output amplifier and a voltage which varies linearily with 
temperature. The reference is ideal because of its low cost, 
low output noise and low power requirement. The TSC9495 
is exceptionally stable over wide variations in temperature, 
line voltage and load current. The reference operates on a 
single supply with voltages of 7 volts to 40 volts. 

TheTSC9495 is available with an initial accuracy of ±1%. An 
external potentiometer can be used to vary the output 
voltage ±6% with little effect on the temperature coefficient. 
The potentiometer can also be used to adjust the voltage for 
binary applications such as 5.12 volts. 

Pin 3 of the TSC9495 has available a voltage which varies 
linearily with temperature. The typical change is 2.1 mv/®C. 
By using a buffer amplifier, the output voltage can be scaled 
to the desired resolution and range. 

Ordering Information _ 

Max. Initial Temp. Max. Temp 

Part No. Package Voltage Accuracy Range Coefficient 

TSC9495CJ 8-Pin 30 V 1.0% 0-70°C 65 ppm 

Mini-Dip 


Schematic Diagram 



Features 

• Excellent Temperature Stability: 20ppm/°C 

• Tight Output Tolerance: 1% 

• Adjustable Output 

• Input Voltage Range: 7V to 40V 

• Low Noise: 15/iVpp max. 

• 10mA Output Current 

• Short Circuit Proof 

• Low Power: 1.4mA 

• Temperature Output 

• Replaces REF-02 

Applications 

• A/D Reference 

• D/A Reference 

• Current Source 

• Transducer Reference 

• Calibration Standard 

• Thermometer 


Pin Configuration 




NC [[ 

V|nC 

TEMP [ 
GND [ 

2 7 

3 6 

4 5 

2 NC 

H NC 
]VouT 

2 ADJ 



8 Pin Plastic 

Mini Dip 

Output Adjustment 

The output voltage of the TSC9495 can easily be adjusted by 
connecting a potentiometer to pin 5 as shown in the adjacent 
figure. Changing the output voltage does affect the overall 
temperature coefficient, however, this effect is small being 
typically only 0.7 ppm/°C per 100 mV of adjustment. 


V|N 

la 

. Vr 




TSC9495 

ADJ 

GND 

■^^10 kn Vtei\/|p «^2.1 mV/Oc 



“ 
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TSC9495 


+5 V Band Gap 
Voltage Reference 


Absolute Maximum Ratings 

Input Voltage.30 V 

Power Dissipation . 500 mW 

Derating: Mini Dip, above 30°C ambient.5.6mW/°C 


Operating Temperature . 0°Cto70°C 

Storage Temperature. -65°C to+150°C 

Lead Temperature (Soldering, 60 sec.). 300°C 


Electrical Characteristics: These specifications apply for V|n = +15 V, Ta = 25 °C, unless otherwise noted. 


PARAMETER 

SYMBOL 

TEST CONDITION 

MIN 

TSC9495CJ 

TYP 

MAX 

UNITS 

Output Voltage 

Vo 

II = 0 mA 

4.950 

5.000 

5.050 

V 

Output Adjustment Range 

AVtrim 

Rp = 10 kn 

±2.7 

±6.0 

- 

% 

Output Voltage Noise 

®np-p 

0.1 Hz to 10 Hz 

- 

12 

18 

mVp-P 

Input Voltage Range 

V,N 


7 

- 

30 

V 

Line Regulation (Note 1) 


V,N = 8to 30 V 

- 

0.009 

0.015 

5/V 

Load Regulation (Note 1) 


II = 0 to 8 mA 

- 

0.006 

0.015 

%/mA 

Load Regulation (Note 1) 


II = 0 to4 mA 

- 

- 

- 

%/mA 

Turn-on-Settling Time 

^on 

To ±0.1% of final value 

- 

5.0 

- 

fjLsec 

Quiescent Supply Current 

IsY 

No Load 

- 

1.0 

1.6 

mA 

Load Current 

II 


8 

21 

- 

mA 

Sink Current 

Is 


-0.2 

-0.5 

- 

mA 

Short Circuit Current 

•sc 

o 

II 

o 

> 

- 

30 

- 

mA 

Temp Voltage Output 

Vt 

(Note 2) 

- 

630 

- 

mV 

The following specifications apply for Vhm = = 

15 V, 0°C ^ Ta< = 70°C and II 

= 0mA, unless otherwise noted. 


Output Voltage Change 
with Temperature 

AVqt 

(Note 3) 

_ 

0.14 

0.45 

% 

Output Voltage 

Temperature Coefficient 

TCVo 

(Note 4) 

_ 

20 

65 

ppm/°C 

Change in Vq Temperature 
Coefficient with Output 
Adjustment 


Rp = 10 kn 


0.7 


ppm/% 

Line Regulation (Note 1) 


V,N = 8to 30 V 

- 

0.011 

0.018 

%/V 

Load Regulation (Note 1) 


lL = 0to5mA 

- 

0.008 

0.018 

%/mA 

Temp Voltage Output 
Temperature Coefficient 

TCVt 

(Note 2) 

- 

2.1 

- 

mV/°C 


Notes: 

1 . Line and Load Regulation specifications include the effects of self heating. 

2. Limit current in or out of pin 3 to 50 nAand capacitance on pin 3 to30 pF. 

3. AVqj is defined as the absolute difference between the maximum output 
voltage and the minimum output voltage over the specified temperature 
range expressed as a percentage of 5v: 

Vmax-Vmin xIOO 
5V 

4. TCVq is defined as AVqj divided by the temperature range, i.e. 


TCVo = 


AVqt 
70° C 
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+5 V Band Gap 

Voltage Reference _TSC9495 


Package Information 
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TELEDYNE TSC9496 

SEMICONDUCTOR +10 V Band Gap 

Voltage Reference 


General Description 

The TSC9496, Precision Voitage Reference, uses the band 
gap principie to generate an extremeiy stabie 10 voit refer¬ 
ence. Inciuded in the TSC9496 are a band gap reference, and 
an output ampiifier, which deiivers 10mA of output current. 
The reference is ideal because of its low cost, low output 
noise and low power requirement. The TSC9496 is excep¬ 
tionally stable over wide variations in temperature, line 
voltage and load current. The reference operates on a single 
supply with voltages of 12 volts to 40 volts. 


Features 

• Excellent Temperature Stability: 20ppm/®C 

• Tight Output Tolerance: 1% 

• Adjustable Output 

• Input Voltage Range: 12V to 40V 

• Low Noise: 30 mVP"P max. 

• 10mA Output Current 

• Short Circuit Proof 

• Low Power: 1.4mA 

• Replaces REF-01 


The 9496 is available with an initial accuracy of ±1%. An 
external potentiometer can be used to vary the output 
voltage±3% with little effect on the temperature coefficient. 
The potentiometer can also be used to adjust the voltage for 
binary applications such as 10.24 volts. 


Ordering Information 


Max. 

Initial 

Temp. 

Max. Temp 

Part No. Package Voltage 

Accuracy 

Range 

Coefficient 

TSC9496CJ 8-Pin 30 V 

1.0% 

0-70®C 

65 ppm 

Mini-Dip 




Schematic Diagram 



Applications 

• A/D Reference 

• D/A Reference 

• Current Source 

• Transducer Reference 

• Calibration Standard 


Pin Configuration 


NCC 

''inC 

NC[^ 

aND[ 

1 

■ 

D.nc 

D NC 
UVOUT 

U ADJ 

8 Pin Plastic 

Mini Dip 






Output Adjustment 

The output voltage of the TSC9496 can easily be adjusted by 
connecting a potentiometer to pin 5 as shown in the figure 
below. Changing the output voltage does affect the overall 
temperature coefficient, however, this effect is small being 
typically only 0.7 ppm/°C per 100 mV of adjustment. 


12 


V|N 
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TSC9496 


+10 V Band Gap 
Voltage Reference 


Absolute Maximum Ratings 

Input Voltage.30 V 

Power Dissipation . 500 mW 

Derating: Mini Dip, above 30°C ambient.6.6mW/®C 


Operating Temperature . 0®Cto70°C 

Storage Temperature. -65® C to+150® C 

Lead Temperature (Soldering, 60 sec.). 300®C 


El6CtrlC3l CharaCterlStICSIThese specifications appiy for V|n = +15 V, Ta = 25®C, unless otherwise noted. 


PARAMETER 

SYMBOL 

TEST CONDITION 

TSC9496CJ 
MIN TYP 

MAX 

UNITS 

Output Voltage 

Vo 

II = 0 mA 

9.90 

10.000 

10.10 

V 

Output Adjustment Range 

^Vtrim 

Rp = 10kn 

±2.7 

±3.3 

- 

% 

Output Voitage Noise 

®np-p 

0.1 Hz to 10 Hz 

- 

25 

35 

mVp-p 

Input Voltage Range 

V|N 


12 

- 

30 

V 

Line Regulation (Note 1) 


V|N = 13to 30 V 

- 

0.009 

0.015 

%/v 

Load Reguiation (Note 1) 


•l = 0 to 8 mA 

- 

0.006 

0.015 

%/mA 

Load Reguiation (Note 1) 


II = 0 to 4 mA 

- 

0.006 

0.015 

%/mA 

Turn-on-Settiing Time 

fon 

To ±0.1% of final value 

- 

5.0 

- 

/usec 

Quiescent Supply Current 

•SY 

No Load 

- 

1.0 

1.6 

mA 

Load Current 

II 


8 

21 

- 

mA 

Sink Current 

•s 


-0.2 

-0.5 

- 

mA 

Short Circuit Current 

■sc 

o 

o 

> 

- 

30 

- 

mA 

The following specifications apply for V|n = +15 

V, 0®C ^Ta^ + 70® C, unless otherwise noted. 




Output Voltage Change 
with Temperature 

AVot 

(Note 3) 


0.14 

0.45 

% 

Output Voltage 

Temperature Coefficient 

TCVo 

(Note 4) 

. 

20 

65 

ppm/®C 

Change in Vq Temperature 
Coefficient with Output 
Adjustment 


R p = 10 kn 


0.7 


ppm/% 

Line Regulation (Note 1) 


V|N = 13to 30 V 

- 

0.011 

0.018 

%/V 

Load Regulation (Note 1) 


II = 0 to 5 mA 

- 

0.008 

0.018 

%/mA 


< Notes: 

1. Line and Load Regulation specifications include the effects of self heating. 

2. TCVq is defined as AVqt divided by the temperature range, I.e. 


TCVo = 


^Vqt 
70® C 


3. AVqt Is defined as the absolute difference between the maximum output 
voltage and minimum output voltage over the specified temperature range 
expressed as a percentage of 10V; 


AVot= X100 

10V 
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+10 V Band Gap 
Voltage Reference 


TSC9496 


Package Information 
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Operational Amplifiers 




Section 13 

Operational Amplifiers . 13-3 

TSC900 Low Power Chopper-Stabilized Operational Amplifier. 13-5 

TSC911 Auto-Zeroed Monolithic Operational Amplifier. 13-13 

TSC913 Dual Auto-Zeroed Operational Amplifier . 13-21 

TSC914 Quad Auto-Zeroed Operational Amplifier. 13-23 

TSC918 Low Cost Low Power Operational Amplifier . 13-25 

TSC7650A Chopper-Stablilized Operational Amplifier. 13-29 

TSC7650 Precision Chopper-Stabilized Operational Amplifier. 13-37 
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^ TELEDYNE a TSC900 

SEMICONDUCTOR p®'*'®;; Chopper-stabillzed 

^ Operational Amplifier 

• 2 mW Power Dissipation 
^ • 0.05 mV/°C Offset Voltage Drift 


General Description 

The TSC900 is a low power precision operational amplifier. 
The 200 /iA maximum supply current reduces device power 
requirement by over fifteen times when compared to the pin 
compatible ICL7650 device. 

Offset voltage is a low 5 with drift at 0.05 ^uV/® C. Vos errors 
are removed and adjustment potentiometers made unneces¬ 
sary. The chopper stabilized error correction technique 
keeps offset voltage errors near zero throughout the device 
operating temperature range. 

The TSC900 performance advantages are achieved without 
the additional manufacturing complexity and cost incurred 
with laser or "zener zap” Vos trim techniques. The TSC900 is 
one of the lowest cost low power precision operational ampli¬ 
fiers available. 

The TSC900 nulling scheme corrects both DC Vos errors and 
Vos drift errors with temperature. A nulling amplifier alter¬ 
nately corrects its own Vos errors and the main amplifier Vos 
error. Offset nulling voltages are stored on two usersupplied 
external capacitors. The capacitors connect to the internal 
amplifier Vos null points. The main amplifier input signal is 
never switched. Switching spikes are not present at the 
TSC900 output. The null scheme keeps Vos errors low 
throughout the operating temperature range. Laser and 
“zener zap” trimming can correct for Vos at only one tem¬ 
perature. 

The nulling circuit oscillator and control circuits are inte¬ 
grated on chip. Only two external Vos error storage capaci¬ 
tors are required. The TSC900 operates as a conventional 
operational amplifier with vastly improved input specifica¬ 
tions. The low Vos and Vos drift errors make the TSC900 
ideal for thermocouple, thermistor, and strain gauge applica¬ 
tions. Low dc errors and high open loop gain make the 
TSC900 an excellent preamplifier for precision analog to 
digital converters like the TSC7135, TSC800 and TSC7109. 

The 14-pin dual-in-line package (DIP) has an external oscil¬ 
lator input to drive the nulling circuitry. Both the Sand 14-pin 
DIP have an output voltage clamp circuit to minimize over¬ 
load recovery time. 

Pin Configuration 


ca [T 

-INPUT (T 
+INPUT [T 
Vs [T 


T]cb 

T]v^ 

T] OUTPUT 






Oh 

cb [T 

e 

HI INT/EXT 



Ca [T 


■rri EXTERNAL CLOCK 
ill INPUT 



NC(GUARD) [T 


iT\ INTERNAL CLOCK 
OUTPUT 



-INPUT [T 

TSC900 

in VS 



+INPUT [T 


Tol OUTPUT 



NC (GUARD) [T 


T1 OUTPUT CLAMP 



Vs [T 


ID °RETN 




NC •> NO INTERNAL CONNECTION 




Features 

• Low Power Supply Current . 140 mA 

• Low Input Offset Voltage . 6 /uV Max. 

• Low Input Offset Voltage Drift . 0.05 /uV/®C Max. 

• High Impedance Differential CMOS Inputs .1012 n 

• High Open Loop Voltage Gain . 120 dB Min. 

• Low Input Noise Voltage .0.3 AiVp-p 

• High Slew Rate . 0.2 V//us 

• Compensated Internally for Stable Unity Gain Operation 

• Available in 8-Pin Dip 

• Pin Compatible to ICL7650/TSC7650A/TSC7650 


Part No. 

Package 

Temp. 

Range 

Max. 

Vos 

Max. 

Supply 

Current 

*TSC900ACPA 

8-Pin 

Plastic Dip 

COM 

5 mV 

200 mA 

*TSC900AIJA 

8-Pin 

CerDIP 

IND 

5 mV 

200 mA 

*TSC900ACPD 

14-Pin 
Plastic Dip 

COM 

5 mV 

200 mA 

*TSC900AIJD 

14-Pin 

CerDIP 

IND 

5 mV 

200 mA 

*TSC900BCPA 

8-Pin 

Plastic Dip 

COM 

15 mV 

400 mA 

*TSC900BIJA 

8-Pin 

CerDIP 

IND 

15 mV 

400 mA 

*TSC900BCPD 

14-Pin 
Plastic Dip 

COM 

15 mV 

400 mA 

*TSC900BIJD 

14-Pin 

CerDIP 

IND 

15 mV 

400 mA 

*Available with 160 hour, +125®C burn-in. Add /Bl to part 
number suffix. 

Functionai Diagram 


OUTPUT 

CLAMP 

CIRCUIT 







P I I 14 PIN DIP ONLY 

~r~h L.'-- 


Ca&Cb 

EXTERNAL 

CAPACITORS 


Ca ■ Cg = 0,1 mF 
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Low Power Chopper-Stablized 
Operational Amplifier 
• 2 mW Power Dissipation 

TSC900_• 0.05 )uV/° C Offset Voltage Drift 


Absolute Maximum Ratings 

Total Supply Voltage (Vs to Vs) .. 18 Volts 

Input Voltage . (Vs + 0.3) to (Vs - 0.3) Volts 

Storage Temp. Range .-55° C to 150°C 

Lead Temperature (Soldering, 10 sec) . 300° C 

Voltage on Oscillator Control Pins .. Vs to Vs 

Output Short Circuit Duration.. Indefinite 


Current into Any Pin . 10 mA 

While Operating (Note 4) . 100 /uA 

Operating Temp. Range 

I Device .-25° 0 to+85° 0 

0 Device.0°C to +70° 0 

Package Power Dissipation (Ta = 25° C) 

CerDIP Package .. 500 mV 

Plastic Package . 500 mW 


Electrical Characteristics: vs = +5 v, vi = -5 v, ca = cs = 0.1 nt ta = 25° c. 


TYPE 

NO. 

SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

TSC900A 

MIN TYP max 

TSC900B 
MIN TYP 

MAX 

UNIT 


1 

Vos 

Input Offset Voltage 

Ta = +25°C 

— 

- 

5 

- 

- 

15 

mV 

1 

N 

2 

AVos 

AT 

Input Offset Voltage 

Average Temp. Coefficient 

Operating Temp 

Range (Note 1) 

- 

0.02 

0.05 

- 

0.1 

0.3 

mV/®c 

P 



Average 

Ta = + 25°C 

- 

- 

50 

- 

- 

80 


u 

3 

Ibias 

Input Bias Current 

0°C<Ta< + 70®C 

- 

- 

70 

- 

- 

100 

pA 

T 



(Note 7) 

-25°C<Ta< + 85°C 

- 

- 

100 

- 

- 

140 



4 

los 

Input Offset Current 

Ta = 25°C 

- 

0.5 

- 

- 

0.5 

- 

pA 


5 

enp-p 

Input Noise Voltage 

Rs =icon 

0.1 to 10 Hz 

- 

4 

- 

- 

4 

- 

mVp-p 


6 

0np-p 

Input Noise Voltage 

Rs = lOOn 

0.1 Hz to 1 Hz 

- 

0.3 

- 

- 

0.3 

- 

mVp-p 


7 

Rin 

Input Resistance 


- 

1012 

- 

- 

1012 

- 

n 


8 

CMVR 

Common-Mode 

Voltage Range 


-5.0 

- 

+1.5 V 

-5.0 

- 

+1.5 

v 


9 

CMRR 

Common-Mode 

Rejection Ratio 

CMVR =-5 V to +1.5 V 

110 

130 

- 

100 

- 

- 

dB 

0 

10 

Av 

Large-Signal Voltage Gain 

Rl = 10 kn 

120 

130 

- 

100 

- 

- 

dB 

U 

11 

VOUT 

Output Voltage Swing 

Rl = 10 kn 

-4.7 

- 

+3.5 

-4.7 

- 

+3.5 

V 

T 

P 


(Note 3) 

RL = 100kn 

-4.9 

- 

+3.9 

-4.9 

- 

+3.9 


U 

12 


Clamp ON Current (Note 2) 

Rl = 100 kn 

20 

90 

200 

20 

90 

200 

)uA 

T 

lT~ 


Clamp OFF Current (Note 2) 

-4.0 V < VoUT < + 4.0 V 

- 

1 

— 

- 

1 

- 

pA 

D 

14 

Bw 

Unity Gain Bandwidth 

Unity Gain (+1) 

- 

0.7 

- 

- 


- 

MHz 

Y 

N 

15~ 

Sr 

Slew Rate 

Cl = 50 pF, Rl = 100k 

- 

0.2 

- 

- 

0.2 

- 

V/mS 

A 

M 

1 

16 


Rise Time 


- 

0.5 

- 

- 

0.5 


/us 

iT" 


Overshoot 


- 

18 

- 

- 

18 

- 

% 

C 

18 

fch 

Internal Chopping Frequency 

Pins 12-14 open (DIP) 

- 

150 

- 

- 

150 

- 

Hz 

S 

U 

19 

Vs to Vs 

Operating 

Supply Range 


4.5 

- 

16 

4.5 

- 

16 

V 

P 

P 

2 T" 

Is 

Supply Current 

No Load 

- 

140 

200 

- 

- 

400 

/uA 

L 

Y 

21 

PSRR 

Power Supply 

Rejection Ratio 

Vs = ±3Vto±8V 

120 

- 

- 

100 

- 

- 

dB 


Notaa: 

1. Operating temperature range la -25® C to +85® C tor "I" grade and 0®C to 
+70® C for "C" grade. 

2. See OUTPUT CLAMP discussion. 

3. OUTPUT CLAMP not connected. 

4. Limiting input current to 100 mA Is recommended to avoid latch~up 
problems. 

5. Static Sensitive Device. Unused devices must be stored In conductive ma¬ 
terial to protect devices from possible static damage. 


6. Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratings only and func¬ 
tional operation of the device at these or any other conditions above those 
Indicated in the operational sections of the specifications Is not Implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

7. Average current caused by switch charge transfer at Input. 
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Low Power Chopper-Stablized 
Operational Amplifier 

• 2 mW Power Dissipation 

* 0.05 mV/°C Offset Voitage Drift_TSC900 


Chopper Stabiiized Operational Amplifiers 

The TSC900 is the first low power chopper stabilized ampli¬ 
fier commercially available. The TSC900 maximum supply 
current is 15 times lower than the pin compatible TSC7650 
amplifier. As Figure 1 shows the low supply current isachieved 
without sacrificing offset voltage or offset voltage drift perfor¬ 
mance. 


Nulling Capacitor Connection 

The offset voltage correction capacitors are connected to Ca 
and Cb- The common capacitor connection is made to Vs 
(Pin 4) on the 8-pin packages and to capacitor return (Cr, Pin 
8) on the 14-pin packages. The common connection should 
be made through either a separate pc trace or wire to avoid 
voltage drops. 

Internally Vi is connected to Cr. 
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Low Power Chopper-Stablized 
Operational Amplifier 
• 2 mW Power Dissipation 

TSC900 • 0.05 mV/°C Offset Voltage Drift 



Vs Vs 

O O 


V's 


o ^ 


4 

r4: 








TSC900^|(^ 

^ 5 

TSC900 



^(-mi¬ 



0 Vs 


ca Cb 


ca 


14 PIN PACKAGE 


8 PIN PACKAGE 


(PIN 8 IS CONNECTED TO 

PIN 7 INTERNALLY) 





Figure 2: Nulling Capacitor Connection 


Clock Operation 

The internal oscillator is set for a 150 Hz nominal chopping 
frequency on both the 8 and 14-pin dual in line packages. 
With the 14-pin DIP TSC900, the 150 Hz internal chopping 
frequency is available at the internal clock output (Pin 12). A 
300 Hz nominal signal will be present at the external clock 
input pin (Pin 13) with EXT/INT high or open. This is the 
internal clock signal before a divide by two operation. 

The 14-pin DIP device can be driven by an external clock. The 
INT/EXT input (Pin 14) has an internal pull-up and may be left 
open for internal clock operation. If an external clock is used 
INT/EXT must be tied to Vi (Pin 7) to disable the internal 
clock. The external clock signal is applied to the external 
clock input (Pin 13). 

The external clock amplitude should swing between Vs and 
ground for power supplies up to ±6 V and between Vs and Vs 
-6 V for higher supply voltages. 

At low frequencies the external clock duty cycle Is not critical 
since an internal divide by two gives the desired 50% switch¬ 
ing duty cycle. The offset storage correction capacitors are 
charged only when the external clock input is high. A 50-80% 
external clock positive duty cycle is desired for frequencies 
above 500 Hz to guarantee transients settle before the 
internal switches open. 

The external clock input can also be used asa strobe input. If 
a strobe signal is connected at the external clock input so 
that it is low during the time an overload signal is applied, 
neither capacitor will be charged. The leakage currents at 
the capacitor pins are very low. 


Output Clamp 

Chopper-Stabilized systems can show long recovery times 
from overloads. If the output is driven to either supply rail, 
output saturation occurs. The inputs are no longer held at a 
“virtual ground.” The Vos null circuit treats the differential 
signal as an offset and tries to correct it by charging the ex¬ 
ternal capacitors. The nulling circuit also saturates. Once the 
input signal returns to normal, the response time is leng¬ 
thened by the long recovery time of the nulling amplifierand 
external capacitors. 

Through an external clamp connection, the TSC900 elimi¬ 
nates the overload recovery problem by reducing the feed¬ 
back network gain before the output voltage reaches either 
supply rail. 

The output clamp circuit is shown in Figure 3 with typical 
inverting and non-inverting circuit connections shown in 
Figure 4 and 5. Output voltage vs clamp circuit current 
characteristics are shown in the typical operating curves. For 
the clamp to be fully effective, the impedance across the 
clamp output should be greater than 100 kO. 



Figure 3: Internal Clamp Circuit 



Figure 4: Non-Inverting Amplifier ivith Optional Clamp 
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Low Power Chopper-Stablized 
Operational Amplifier 

• 2 mW Power Dissipation 

• 0.05 mV/°C Offset Voitage Drift_ TSC900 


R2 



Figure 5: Inverting Amplifier with Optional Clamp 

static Protection 

All device pins are static-protected. Strong static fields and 
discharges should be avoided, however, as they can degrade 
diode junction characteristics and increase input-leakage 
currents. 

Many companies are actively involved in providing services, 
educational material, and supplies to aid electronic manu¬ 
facturers in establishing “static safe” work areas where CMOS 
components are handled. A partial company listing is: 

• 3M 

Static Control Systems Division 
223-25W EM Center 
St. Paul, MN 55101 
(800) 792-1072 

• Semtronics 
P.O. Box 592 
Martinsville, NJ 08836 
(210) 561-9520 

Input Bias Current 

The TSC900 inputs are never disconnected from the main 
internal amplifier. The null amplifier samples the input offset 
voltage and corrects DC errors and drift by storing compen¬ 
sating voltages on external capacitors. The sampling causes, 
however, charge transfer at the inputs. The charge transfer 
represents a peak impulse current of 200 to 290 nA at the 
inputs when the internal clock makes a transition. 

Latch-Up Avoidance 

Junction-isolated CMOS circuits inherently include a para¬ 
sitic 4-layer (p-n-p-n) structure which has characteristics 
similar to an SCR. Under certain circumstances thisjunction 
may be triggered into a low impedance state, resulting in 
excessive supply current. To avoid the condition, no voltage 
greater than 0.3 V beyond the supply rails should be applied 
to any pin. In general, the amplifier supplies must be estab¬ 
lished either at the same time or before any input signals are 
applied. If this is not possible, the drive circuits must limit in¬ 
put current flow to under 0.1 mA to avoid latchup. 


Thermo-Electric Potentials 

Precision dc measurements are ultimately limited by 
thermo-electric potentials developed in thermocouple junc¬ 
tions of dissimilar metals, alloys, silicon, etc. Unless all junc¬ 
tions are at the same temperature, thermoelectric voltages 
typically around 0.1 C, but up to tens of mV/° C for some 
materials, will be generated. In order to realize the benefits 
extremely low offset voltages provide, it is essential to take 
special precautions to avoid temperature gradients. All com¬ 
ponents should be enclosed to eliminate air movement, 
especially those caused by power-dissipating elements in 
the system. Low thermoelectric-coefficient connections 
should be used where possible and power supply voltages 
and power dissipation should be kept to a minimum. High- 
impedance loads are preferable, and separation from 
surrounding heat-dissipating elements is advised. 

Pin Compatibility 

On the 8-pin mini-dip TSC900theexternal null storage capa¬ 
citors are connected to pins 1 and 8. On most other opera¬ 
tional amplifiers these are left open or are used for offset 
potentiometer or compensation capacitor connections. 

For OP05 and OP07 operational amplifiers, the replacement 
of the offset null pot between pins 1 and 8 by two capacitors 
from the pins to Vs will convert the OP05/07 pin configura¬ 
tion for TSC900 operation. For LM108 devices the compen¬ 
sation capacitor is replaced by the external nulling capa¬ 
citors. The LM101/748/709 pin outs are modified similarly by 
also removing any circuit connections to pin 5. On the 
TSC900 pin 5 is the output clamp connection. Other opera¬ 
tional amplifiers may use this pin as an offset or compensa¬ 
tion point. 

The minor modifications needed to retrofit a TSC900 into 
existing sockets operating at reduced power supply voltages 
make prototyping and circuit verification straight forward. 

Component Selection 

The two required capacitors, Ca Cb, have optimum values 
depending on the clock or chopping frequency. For the 
present internal clock, the correct value Is 0.1 nF. To main¬ 
tain the same relationship between the chopping frequency 
and the nulling time constant, the capacitor values should be 
scaled in proportion to the external clock if used. High- 
quality film-type capacitors such as mylar are preferred. 
Ceramic or other lower-grade capacitors may be suitable in 
some applications. For fast settling on initial turn-on, low 
dielectric absorption capacitors (such as polypropylene) 
should be used. With ceramic capacitors, several seconds 
may be required to settle to microvolt levels. 
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Low Power Chopper-Stablized 
Operational Amplifier 
• 2 mW Power Dissipation 

TSC900 _• 0.05 mV/°C Offset Voitage Drift 


Typical Characteristic Curves 
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Low Power Chopper-Stablized 
Operational Amplifier 

• 2 mW Power Dissipation 

• 0.05 juV/°C Offset Voltage Drift 


TSC900 


Typical Characteristic Curves 
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Low Power Chopper-Stabllzed 
Operational Amplifier 
• 2 mW Power Dissipation 

TSC900 ___> 0.05 mV/°C Offset Voltage Drift 


Package Outline 




tTOTTIZr 



14-Pin Plastic Package 
(Package #6) 


8-Pin Plastic Package 
(Package #4) 



14-Pln CerDIP Package 
(Package #7) 


8-Pln CerDIP Package 
(Package #5) 
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TSC911 
Auto-Zeroed Monolithic 
Operational Amplifier 
No External Chopper Capacitors 
• 3.5 mW Power Dissipation 
• 5 mV Offset Voitage 


General Description 

The CMOS TSC911 auto-zeroed operational amplifier is the 
first complete monolithic chopper-stabilized amplifier. 
Chopper operational amplifiers like the ICL7650/7652 and 
LTC1052 require user supplied, external, offset compensa¬ 
tion storage capacitors. EXTERNAL CAPACITORS ARE 
NOT REQUIRED WITH THE TSC911. Just as easy to use as 
the conventional 741 type amplifier, the TSC911 significantly 
reduces offset voltage errors. Pin-out matches the OP07/ 
741/7660 8-pin mini-dip configuration. 

Several system benefits arise by eliminating the external 
chopper capacitors. Lower system part count. Reduced 
assembly time and cost. Greater system reliability. Reduced 
printed circuit board layout effort and greater pc board area 
utilization. Space savings can be significant in multiple 
amplifier designs. 

Electrical specifications include a 15 juV maximum offset 
voltage, 0.15 iuV/®C maximum offset voltage temperature 
coefficient. Offset voltage error is five times lower than the 
premium OP07E bipolar device. In offset drift the TSC911 
improves performance by eight times. 

Low offset voltage errors eliminate trim procedures during 
manufacturing, periodic re-calibrations, and reliability prob¬ 
lems caused by damaged or misadjusted trim potentiometers. 

The TSC911 automatically corrects offset voltage drift with 
time also. Operational amplifier long term drift is less easily 
controlled and more expensive to maintain when low offset 
errors are obtained by trimming thin film resistors. The 
TSC911 internal circuits correct errors repetitively at a 200 Hz 
rate. Long term drift is effectively eliminated. 

The TSC911 operates from dual or single power supplies. 
Supply current is typically 350 /uA. Single 4.5 V to 16 V supply 
operation is possible. This makes single 9 V battery operation 
possible. The TSC7660 DC to DC converter can easi ly supply a 
negative potential in dual supply applications where only a 
+5 V system supply is available. 

Open-loop voltage gain is 115 dB minimum with a 10 kH load. 
Unity gain bandwidth is 1.5 MHz. Slew rate is 2.5 V/^s. Com¬ 
mon-mode rejection ratio is 110 dB. Input common-mode 
range extends from 2 V below the positive supply to the nega¬ 
tive supply. 

The TSC911 is available in an 8-pin plastic or cerDIP package. 
Dice are available for hybrid applications. 

For precision dual and quad monolithic chopper-stabilized 
amplifiers see the TSC913 dual and TSC914 quad data sheets. 


Features 

• First Monolithic Chopper-Stabilized Amplifier 
— External Capacitors Not Required 

• Chopper Amplifier Performance Without External 


Capacitors 

- 5 mV Offset Voltage 

— 0.05 mV/°C Offset Voltage Drift 

• Low Supply-Current . 350 mA 

• High Common-Mode Rejection . 116 dB 

• Single Supply Operation ..... 4.5 V to 16 V 

• High Slew Rate . . 2.5 V/ms 

• Wide Bandwidth .. 1.5 MHz 

• High Open Loop Voltage Gain (Rl = 10 kO) ... 120 dB 

• Low Input Voltage Noise (0.1 to 1 Hz).0.65 mVp-p 

• Pin Compatible with ICL7650 

• Lower System Part Count 


Ordering Information 


Part No. 

Package 

Temperature 

Range 

Max. Offset 
Voltage 

*TSC911ACPA 

8-Pin 

Plastic DIP 

0® C to 70° C 

15 mV 

*TSC911BCPA 

8-Pin 

Plastic DIP 

0°Cto 70° C 

30 mV 

*TSC911AIJA 

8-Pin 

CerDIP 

-25°Cto 85° C 

15 mV 

*TSC911BIJA 

8-Pin 

CerDIP 

-25°Cto 85° C 

30 mV 

TSC911AY 

Chip 

25° C 

15 mV 

TSC911BY 

Chip 

25° C 

30 mV 


* Parts Available with 160 Hour,+125 °C Burn-In. Add /Bl to 
Part Number Suffix. 


Pin Configuration 


ncIT 

• 

^NC 

-input[T 


Tjv^ 

+input[T 

TSC911 

T) OUTPUT 

VsH 


T]nc 

nc = no internal connection 
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Auto-Zeroed Monolithic 
Operational Amplifier 
• No External Chopper Capacitors 
• 3.5 mW Power Dissipation 

TSC911 > 5 /xV Offset Voltage 


Absolute Maximum Ratings 

Total Supply Voltage (Vs to Vs) . 18 Volts 

Input Voltage . (Vs + 0.3) to (Vi - 0.3) Volts 

Storage Temp. Range . -55 °C to 150 °C 

Lead Temperature (Solderirig, 10 sec) . 300 ®C 

Current into Any Pin . 10 mA 


Operating Temp. Range 

I Device . -25°Cto+85°C 

C Device. 0 °C to +70 °C 

Package Power Dissipation (Ta = 25 °C) 

CerDIP Package . 500 mW 

Plastic Package . 375 mW 


ElOCtriCdl ChdrdCtoristiCS' Vs = ±5 V, Ta = 25^0 uniess otherwise indicated. 


NO. 

SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

TSC911A 

typ max 

MIN 

TSC911B 

TYP MAX 

UNIT 

1 

Vos 

Input Offset Voitage 

Ta = 25°C 

— 

5 

15 

- 

15 

30 

mV 

2 

Vos/T 

Average Temperature 
Coefficient of input 
Offset Voitage 

0°C<Ta<70‘’C 

-25®C<Ta<85°C 

— 

0.05 

0.05 

0.15 

0.15 

- 

0.1 

0.1 

0.25 

0.25 

)uV/°C 

mV/°C 

3 

Ib 

Average input 

Bias Current 

Ta = 25°C 

O^C^Ta^TO^C 

-25°C<Ta<85®C 

E 

E 

70 

3 

4 

- 

- 

O rt (D 
CM 

pA 

nA 

nA 

4 

los 

Average Input 

Offset Current 

- 

5 

20 

- 

10 

40 

pA 

5 

en 

Input Voltage 

Noise 

0.1 to 1.0Hz, Rs< loon 

- 

0.65 

- 

- 

0.65 

- 

mVp-p 

6 

en 

Input Voltage 

Noise 

0.1 to 10 Hz, Rs< 100 n 

- 

11 

- 

- 

11 

- 

mVp-p 

7 

CMRR 

Common-Mode 
Rejection Ratio 

Vi < VCM < Vs - 2.2 

110 

116 

- 

105 

110 

- 

dB 

8 

CMVR 

Common-Mode 

Voltage Range 


Vi 

- 

Vs -2.0 

Vi 

- 

Vs -2.0 

V 

9 

Aol 

Open-Loop 

Voltage Gain 

Rl = 10 kn, Vo = ±4 V 

115 

120 

- 

110 

120 

- 

dB 

10 

VouT 

Output Voltage Swing 

Rl = 10 kn 

Vi + .3 V 

- 

Vs -.9 V 

Vi + .3 V 

- 

Vs -.9 V 

V 

11 

BW 

Closed Loop 

Bandwidth 

Closed Loop Gain = +1 

- 

1.5 

- 


1.5 

- 

MHz 

12 

SR 

Slew Rate 

Rl = 10 kn. Cl = 50 pf 

— 

2.5 

— 

- 

2.5 

- 

V/jus 

13 

PSRR 

Power Supply 

Rejection 

±3.3 V to ± 5.5 V 

112 

- 

- 

105 

- 

- 

dB 

14 

Vs 

Operating Supply 
Voltage 

Range (Note 3) 

±3 V 

- 

±8 V 

±3 V 

- 

±8 V 

V 

15 

is 

Quiescent Supply 
Current 

Vs = ±5 V 

- 

350 

600 

- 

- 

800 

mA 


Notes: 


1. Static Sensitive Device. Unused devices should be stored in conductive 
material. 

2. Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the devices. These are stress ratings only and func¬ 
tional operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications is not Implied. 

3. Single Supply Operation; Vs = +4.5 V to +16 V. 
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Auto-Zeroed Monolithic 
Operational Amplifier 

• No External Chopper Capacitors 

• 3.5 mW Power Dissipation 

> 5 mV Offset Voltage TSC911 


Functional Diagram 


''s Vs 



Typical Characteristic Curves 


Supply Current vs 
± Supply Voltage 



- I I _I_I_I_i_I 

2.0 3.0 4.0 5.0 6.0 7.0 8.0 

tSUPPLY VOLTAGE (V) 


Supply Current vs 

Temperature Gain vs Phase 
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Auto-Zeroed Monolithic 
Operational Amplifier 
• No External Chopper Capacitors 
• 3.5 mW Power Dissipation 

TSC911__• 5 mV Offset Voitage 


Typical Characteristic Curves (Cont.) 


Large Signal Output 
Switching Wave Form 
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HORIZONTAL SCALE = 2ms/DIV 


Input Offset Voltage vs 
Common-Mode Voltage 



-6.0-5.0-4.0-3.0-2.0-1.0 0.0 1.0 2.0 3.0 4.0 
INPUT COMMON-MODE VOLTAGE 


Positive Overload 
Recovery Time 



HORIZONTAL SCALE = 20 ms/DIV 


Negative Overioad 
Recovery Time 
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HORIZONTAL SCALE = 20 ms/DIV 


Output Voitage Svt^ing vs 
Load Resistance 
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Auto-Zeroed Monolithic 
Operational Amplifier 

• No External Chopper Capacitors 

• 3.5 mW Power Dissipation 

• 5 mV Offset Voltage_TSC911 


Pin Compatibility 

The CMOS TSC911 is pin compatible with the GE/lntersil 
ICL7650 chopper-stabilized amplifier. The ICL7650 must use 
external 0.1 fiF capacitors connected at pins 1 and 8. With the 
TSC911 operational amplifier, however, external offset vol¬ 
tage error cancelling capacitors are not required. TSC911 
pins 1 and 8 are not connected internally. Pin 5 is also not 
internally connected. The ICL7650 uses pin 5 as an optional 
output clamp connection. The external chopper capacitors 
and clamp conections are not necessary when the TSC911 is 
used. External circuits connected to pins 1,8, and 5 will have 
no effect on the TSC911. The TSC911 can be quickly evalu¬ 
ated in existing ICL7650 designs. Since external capacitors 
are not required system part count, assembly time, and total 
system cost are reduced. Reliabilty is increased and printed 
circuit board layout eased by having the error storage capa¬ 
citors integrated on the TSC911 chip. 

The TSC911 pin-out matches many popular operational 
amplifiers — OP07, OP05, ICL7650, ICL7652, 741, LM101, 
LM108, OP20, OP21, OP08and OP06. In many applications 
that operate from +5 V power supplies the TSC911 will offer 
superior electrical performance and be a functional pin com¬ 
patible replacement. Offset voltage correction potentiome¬ 
ters, compensation capacitors, and chopper-stabilization 
capacitors can be removed when retro-fitting existing equip¬ 
ment designs. 



Figure 1: Unwanted Thermocouple Errors Eliminated 
by Reducing Thermal Gradients and 
Balancing Junctions. 


Thermocouple Errors 

Heating one joint of a loop made form two different metallic 
wires causes current flow. This is known as the Seebeck 
effect. By breaking the loop an open circuit voltage (See¬ 
beck Voltage) can be measured. Junction temperature and 
metal type set the magnitude. Typical values are 0.1 iuV/°Cto 
10 /uV/®C. Thermal induced voltages can be many times lar¬ 
ger than the TSC911 offset voltage drift. Unless the unwanted 
thermocouple potentials can be controlled system perfor¬ 
mance will be less than optimum. 

Unwanted thermocouple junctions are created when leads 
are soldered or sockets/connectors used. Low thermo-elec¬ 
tric coefficient solder can reduce errors. A 60% Sn/36% Pb 
solder has one tenth the thermal voltage of common 64% Sn/ 
36% Pb solder at a copper junction. 

The number and type of dissimilar metallic junctions in the 
input circuit loop should be balanced. If the junctions are 
kept at the same temperature their summation will add to 
zero cancelling errors (Figure 1). 

Shielding precision analog circuits from aircurrents —espe¬ 
cially those caused by power dissipating components and 
fans — will minimize temperature gradients and minimize 
thermocouple induced errors. 

Avoiding Latch-Up 

Junction isolated CMOS circuits inherently contain a parasi¬ 
tic p-n-p-n transistor circuit. Voltagesexceeding the supplies 
by 0.3 V should not be applied to the device pins. Larger vol¬ 
tages can turn the p-n-p-n device on causing excessive 
device power supply current and excessive power dissipa¬ 
tion. TSC911 power supplies should be established either at 
the same time or before input signalsare applied. If this is not 
possible input current should be limited to 1 mAtoavoid trig¬ 
gering the p-n-p-n structure. 

static Protection 

Input pins are protected against electrostatic fields. Static 
handling procedures should be used with all CMOS devices. 
Many companies provide services, educational material, and 
supplies to aid electronic equipment manufacturers esta¬ 
blish “static safe” CMOS component handling areas. A par¬ 
tial company list is: 

• 3M • Semtronics 

Static Control Systems Div p.o. Box 592 
223-23W EM Center Martinsville, NJ 08836 

St. Paul, MN 55101 (201) 561-9520 

(800) 792-1072 

Overload Recovery 

The TSC911 recovers quickly from output saturation. Typical 
recovery time from positive output saturation is 20 msec. 
Negative output saturation recovery time is typically 5 msec. 
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Auto-Zeroed Monolithic 
Operational Amplifier 
• No External Chopper Capacitors 
• 3.5 mW Power Dissipation 

TSC911 __ > 5 juV Offset Voitage 

Typical Applications 


10 Volt Precision Reference Thermometer Circuit 



Programmable Gain Amplifier with Imput Multiplexer 
















Auto-Zeroed Monolithic 
Operational Amplifier 

• No External Chopper Capacitors 

• 3.5 mW Power Dissipation 

• 5 mV Offset Voltage TSC911 


Package Outline 




8-Pin Plastic Dip 
(Package #4) 


I r(o.5i) 

II T MIN. 

_-rj; 



8-Pln CerDIP 
(Package #5) 




Pf 
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TSC913 
Dual Auto-Zeroed 
Operational Amplifier 
• 15 AiV Offset Voltage 
650 (jlA Supply Current 


\v^ • No External Capacitors Required 


General Description 

The TSC913 is the world’s first complete monolithic dual 
auto-zeroed operational amplifier. The TSC913 sets a new 
standard for low power precision dual operational amplifiers. 
Chopper-stabilized or auto-zeroed amplifiers offer low offset 
voltage errors by periodically sampling offset error and stor¬ 
ing correction voltages on capacitors. Previous single ampli¬ 
fier designs required two user supplied external 0.1 error 
storage correction capacitors — much too large for on-chip 
integration. The unique TSC913 architecture requires 
smaller capacitors making on-chip integration possible. 
Microvolt offset levels are achieved and External Capacitors 
Are Not Required. 

The TSC913 system benefits are apparent when contrasted 
with a 7650 chopper amplifier circuit implementation. A sin¬ 
gle TSC913 replaces two 7650s and four capacitors. Five 
components and assembly steps are eliminated. 

The TSC913 pinout matches many popular dual operational 
amplifiers. The OP04, TLC322, LM358, and ICL7621 are typi¬ 
cal examples. In many applications operating from dual five 
volt power supplies or single supplies, the TSC913 offers 
superior electrical performance and can be a functional, 
drop-in replacement. Printed circuit board rework is not 
necessary. The TSC913 low offset voltage error eliminates 
offset voltage trim potentiometers often needed with bipolar 
and low accuracy CMOS operational amplifiers. 

The TSC913 takes full advantage of Teledyne’s proprietary 
CMOS technology. The TSC913 650 /uA supply current 
(250 mA per amplifier) makes the TSC913 the lowest power, 
precision dual operational amplifier available. The 250 
microampere amplifier supply current does not compromise 
AC performance. Unity gain bandwidth is 1.5 MHz and slew 
rate is 2.5 V//xs. 

For single and quad operational amplifiers see the TSC911 
and TSC914 data sheets. 


Features 

• First Monolithic Dual Auto-Zeroed Operational Amplifier 

• Chopper Ampiifier Performance Without External 
Capacitors 

” 15 AiV Vos Maximum 

— 0.15 AtV/®C Vos Drift Maximum 

— Saves Cost/Assembly of Four "Chopper” Capacitors 


• High DC Gain .. 120 dB 

• Low Supply Current . 650 a^A 

• Low Input 

Voltage Noise (0,1 to 10 Hz) .0.65 /uVp-p 

• Wide Common-Mode Voltage Range _ Vs to Vs -2 V 

• High Common-Mode Rejection . 116 dB 

• Dual or Single Supply Operation . ±3 V to ±8 V 


+4.5 V to +16 V 

• Excellent AC Operating Characteristics 

— 2.5 V/a4 S Slew Rate 

— 1.5 MHz Unity Gain Bandwidth 

• Pin Compatible to LM358, OP14, MC1458, ICL7621, 
TL082, TLC322 


Pin Configuration 



Pat. Pending 
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Dual Auto-Zeroed 
Operational Amplifier 
• 15 mV Offset Voltage 
• 650 mA Supply Current 

TSC913___• No External Capacitors Required 


Absolute Maximum Ratings 

Total Supply Voltage (Vs to Vs) . 18 Volts 

Input Voltage . (Vs + 0.3) to (Vs ~ 0.3) Volts 

Storage Temp. Range . -55°Cto150®C 

Lead Temperature (Soldering, 10 sec) . 300 ® C 

Current into Any Pin . 10 mA 


Operating Temp. Range 

I Device ... -25®Cto+85°C 

C Device. 0 °C to +70 ®C 

Package Power Dissipation (Ta = 25 ®C) 

CerDIP Package . 500 mW 

Plastic Package . 375 mW 


Electrical Characteristics: Vs = ±5, Ta = 25®C unless otherwise indicated. 


NO. 

SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

TSC913A 

TYP MAX 

MIN 

TSC913B 

TYP MAX 

UNIT 

1 

Vos 

Input Offset Voltage 

Ta = 25°C 

- 

5 

15 

- 

15 

30 

mV 

2 

Vos/T 

Average Temperature 
Coefficient of Input 

Offset Voltage 

0°C<Ta<70°C 

-25°C<Ta<85°C 

- 

0.05 

0.05 

0.15 

0.15 

- 

- 

0.25 

0.25 

iuV/°C 

AtV/°C 

3 

Ib 

Average Input 

Bias Current 

Ta = 25°C 

0°C<Ta<70°C 

-25'’C<Ta<85®C 

E 

E 

90 

3 

4 

E 

- 

120 

4 

6 

pA 

nA 

nA 

4 

los 

Average Input 

Offset Current 

- 

5 

20 

- 

10 

40 

pA 

5 

en 

Input Voltage 

Noise 

0.1 to 1.0 Hz, Rs< 100 n 

- 

0.6 

- 

- 

0.6 

- 

mVp-P 

6 

en 

Input Voltage 

Noise 

0.1 to 10 Hz. Rs< 100 n 

- 

11 

- 


11 

- 

mVp-P 

7 

CMRR 

Common-Mode 

Rejection Ratio 

Vi < VCM ^ Vs - 2.2 V 

110 

116 

- 

100 

110 

- 

dB 

8 

CMVR 

Common-Mode 

Voltage Range 


Vs 

- 

Vs -2.0 

Vi 

- 

Vs -2.0 

V 

9 

Aol 

Open-Loop 

Voltage Gain 

RL = 10kn, Vo*±4V 

115 

120 

- 

110 

120 


dB 

10 

VouT 

Output Voltage 

Swing 

RL = 10kn 

vi + .3 V 


Vs -.9 V 

Vi + .3 V 

- 

Vs -.9 V 

V 

11 

BW 

Closed Loop 

Bandwidth 

Closed Loop Gain = +1 

- 

1.5 

- 

- 

1.5 

- 

MHz 

12 

SR 

Slew Rate 

RL = 10kn, Cl = 50 pf 

- 

2.5 

- 

- 

2.5 

- 

V/mS 

13 

PSRR 

Power Supply 

Rejection 

±3.3 S Vs < ± 5.5 V 

110 

- 

- 

100 

- 

- 

dB 



Operating Supply 









14 

Vs 

Voltage 

Range (Note 3) 


±3 V 


±8 V 

±3 V 

""" 

±8 V 

V 

15 

Is 

Quiescent Supply Current 
(Both Amplifiers) 

Vs = ±5 V 

- 

0.65 

0.85 

- 

- 

1.1 

mA 


NotM; 


1. Static Sensitive Device. Unused devices should be stored in conductive 
material. 

2. Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the devices. These are stress ratings only and func¬ 
tional operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications Is not implied. 

3. Single Supply Operation: Vs » +4.6 V to +16 V. 

4. Advance product Information. 
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TSC914 
Quad Auto-Zeroed 
Operational Amplifier 
• 15 )uV Offset Voltage 
• 1.5 mA Supply Current 
No External Capacitors Required 


General Description 

The TSC914 is the world’s first complete monolithic quad 
auto-zeroed operational amplifier. The TSC914 sets a new 
standard for low power precision quad operational amplifiers. 
Chopper-stabilized or auto-zeroed amplifiers offer low offset 
voltage errors by periodically sampling offset error and storing 
correction voltages on capacitors. Previous single amplifier 
designs required two user supplied external 0.1 /uF error stor¬ 
age correction capacitors — much too large for on-chip inte¬ 
gration. The unique TSC914 architecture requires smaller 
capacitors making on-chip integration possible. Microvolt 
offset levels are achieved and External Capacitors Are Not 
Required. 

The TSC914 system benefits are apparent when contrasted 
with a 7650 chopper amplifier circuit implementation. A single 
TSC914 replaces four 7650s and eight capacitors. Eleven 
components and assembly steps are eliminated. 

The TSC914 pinout matches many popular quad operational 
amplifiers. The OP11, TLC274, LTC1014, LM348,and ICL7642/ 
41 are typical examples. In many applications operating from 
dual five volt power supplies or single supplies, the TSC914 
offers superior electrical performance and can be a functional, 
drop-in replacement. Printed circuit board rework is not 
necessary. The TSC914 low offset voltage error eliminates 
offset voltage trim potentiometers often needed with bipolar 
and low accuracy CMOS operational amplifiers. 

The TSC914 takes full advantage of Teledyne’s proprietary 
CMOS technology. The TSC914 1.5 mA supply current (250 
mA per amplifier) makes the TSC914 the lowest power, preci¬ 
sion quad operational amplifier available. The 250 microam¬ 
pere amplifier supply current does not compromise AC per¬ 
formance. Unity gain bandwidth is 1.5 MHz and slew rate Is 
2.5 V/ms. 

For single and dual operational amplifiers see the TSC911 and 
TSC913 data sheets. 


Features 

• First Monolithic Quad Auto-Zeroed Operational Amplifier 

• Chopper Amplifier Performance Without External 
Capacitors 

— 15/uV Vos 

— 0.15 mV/°C Vos Drift 

— Saves Cost/Assembly of Eight “Chopper” Capacitors 


• High DC Gain . 110 dB 

• Low Supply Current . 1.5 mA 

• Wide Common-Mode Voltage Range _ Vs to Vs -2 V 

• High Common-Mode Rejection . 110 dB 

• Dual or Single Supply Operation . ±3 V to ±8 V 


+4.5 V to +16 V 

• Excellent AC Operating Characteristics 

— 2.5 V//US Slew Rate 

— 1.5 MHz Unity Gain Bandwidth 

• Pin Compatible to LM348, TLC274, LM324, OP11, 
ICL7641/42 


Pin Configuration 
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Quad Auto-Zeroed 
Operational Amplifier 
• 15 mV Offset Voltage 
• 1.5 mA Supply Current 

TSC914 • No External Capacitors Required 


Absolute Maximum Ratings 

Total Supply Voltage (Vs to Vi) . 18 Volts 

Input Voltage . (Vs + 0.3) to (Vs - 0.3) Volts 

Storage Temp. Range .. -55®Cto150®C 

Lead Temperature (Soldering, 10 sec) . 300 ®C 

Current into Any Pin .. 10 mA 


Operating Temp. Range 

I Device . -25®Cto+85®C 

C Device. 0 ®C to +70 °C 

Package Power Dissipation (Ta = 25 ®C) 

CerDIP Package . 500 mW 

Plastic Package . 375 mW 


Electrical Characteristics: Vs = ±5, Ta = 25®C unless otherwise indicated. 


NO. 

SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

TSC914A 

typ max 

MIN 

TSC914B 

TYP MAX 

UNIT 

1 

Vos 

Input Offset Voltage 

Ta = 25°C 

- 

5 

15 

- 

15 

30 

(uV 

2 

Vos/T 

Average Temperature 
Coefficient of Input 
Offset Voltage 

0°C<Ta<70°C 

-25‘’C<Ta<85°C 

- 

0.05 

0.05 

0.15 

0.15 

- 

- 

0.25 

0.25 

)uV/°C 

fxvrc 

3 

Ib 

Average Input 

Bias Current 

Ta = 25°C 

0‘’C<Ta<70°C 

-25'’C<Ta<85®C 

- 


90 

3 

4 

E 

E 

120 

4 

6 

pA 

nA 

nA 

4 

los 

Average Input 

Offset Current 

- 

5 

20 

- 

10 

40 

pA 

5 

en 

Input Voltage 

Noise 

0.1 to 1.0 Hz, Rs< 100 n 

- 

0.6 

- 

- 

0.6 

- 

(uVp-p 

6 

en 

Input Voltage 

Noise 

0.1 to 10 Hz, Rs < 100 n 

- 

11 

- 

- 

11 

- 

(uVp-p 

7 

CMRR 

Common-Mode 
Rejection Ratio 

Vs < VcM < Vs - 2.2 V 

110 

116 

- 

100 

110 

- 

dB 

8 

CMVR 

Common-Mode 

Voltage Range 


vi 

- 

Vs -2.0 

vi 

- 

Vs -2.0 

V 

9 

Aol 

Open-Loop 

Voltage Gain 

RL = 10kn, Vo = ±4V 

115 

120 

- 

110 

120 

- 

dB 

10 

VOUT 

Output Voltage 

Swing 

Rl = 10 kn 

vi + .3 V 

- 

Vs -.9 V 

vi + .3 V 

- 

Vs -.9 V 

V 

11 

BW 

Closed Loop 

Bandwidth 

Closed Loop Gain = +1 

- 

1.5 

- 

- 

1.5 

- 

MHz 

12 

SR 

Slew Rate 

Rl = 10 kn. Cl = 50 pf 

— 

2.5 

- 

- 

2.5 

- 

V/)uS 

13 

PSRR 

Power Supply 

Rejection 

±3.3 < Vs < ± 5.5 V 

110 

- 

- 

100 

- 

- 

dB 

14 

Vs 

Operating Supply 
Voltage 

Range (Note 3) 


±3 V 

- 

±8 V 

±3 V 

- 

±8 V 

V 

15 

Is 

Quiescent 

Supply Current 
(Four Amplifiers) 

Vs = ±5 V 

- 

- 

1.6 

- 

- 

2.2 

mA 


Notes: 


1. Static Sensitive Device. Unused devices should be stored in conductive 
material. 

2. Stresses above those listed under "Absolute Maximum Ratings” may cause 
permanent damage to the devices. These are stress ratings only and func¬ 
tional operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications is not implied. 

3. Single Supply Operation; Vs = +4.5 V to +16 V. 

4. Advance product information. 
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TSC918 
Low Cost 
Operational Amplifier 
* 50 juV Max. Vos 
• 800 /lA Max. Supply Current 


General Description 


Features 


The TSC918 is a general purpose, low cost CMOS opera¬ 
tional amplifier. By sampling input offset voltage periodically 
and storing compensating voltages on external capacitors 
low offset voltage errors are possible. The correction circuits 
compensate offset voltage drift with temperature and time. 
Offset voltage temperature coefficient is 0.8ju\//° C maximum. 
Maximum Vos is 50 ^V. 

The TSC918 performance advantages are achieved without 
the manufacturing complexity and cost incurred with laser or 
“zenerzap” Vos trim techniques. The TSC918 offersaO.2 V/ms 
slew rate and a 700 kHz unity gain bandwidth. Open loop vol¬ 
tage gain is 100 dB. 

Operating from ±5 V supplies the CMOS TSC918 power dissi¬ 
pation is under 10 mW. In +5 V only systems the TSC7660 DC- 
to-DC converter can supply the TSC918 negative supply 
potential. The TSC918 will also operate from a single -1-5 
supply. 

For lower power dissipation and offset voltage errors, see the 
TSC900 and TSC7650/7650A specifications. 


Functional Diagram 



• Low Power Supply Current . 800 Max. 

• Low Input Offset Voltage . 50 /uV Max. 

• Low Input Offset Voltage Drift . 0.8 /uV/®C Max. 

• High Impedance Differential CMOS Inputs .IO 12 a 

• High Open Loop Voltage Gain. 100 dB Min. 

• Low Input Noise Voltage ...0.3 /uVp-p 

• Compensated Internally for Stable Unity Gain Operation 

• High Common Mode Rejection .98 dB Min. 


Ordering information 


Part No. 

Package 

Temp. 

Range 

Max. 

Vos 

TSC918CPA 

8-Pin 

Plastic Dip 

COM 

50 mV 

TSC918IJA 

8-Pin 

CerDIP 

IND 

50 mV 

TSC918CPD 

14-Pin 

Plastic Dip 

COM 

50 mV 

TSC918IJD 

14-Pin 

CerDIP 

IND 

50 mV 

Pin Configuration 


ca [T 

• 

T] cb 

-INPUT [T 


T]v% 

+INPUT \T 

TSC918 

~6~l OUTPUT 

Vs jT 


~S~l CLAMP 

cbq: 


u] IIMT/E)rf 

Ca [T 


-TTi EXTERNAL CLOCK 
iU INPUT 

NC(GUARD) [X 

TSC918 

INTERNAL CLOCK 

OUTPUT 

-INPUT [T 

iD Vs 

+INPUT {T 


ITI OUTPUT 

NC (GUARD) [T 


~9~] OUTPUT CLAMP 

Vs [T 


jU ^retn 

NC = NO INTERNAL CONNECTION 
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Low Cost 
Operational Amplifier 
• 50 mV Max. Vos 

TSC918 __• 800 mA Max. Supply Current 


Absolute Maximum Ratings 

Total Supply Voltage (Vs to Vs) .. 18 Volts 

Input Voltage . (Vs + 0.3) to (Vs - 0.3) Volts 

Storage Temp. Range . -55° C to 150°C 

Lead Temperature (Soldering, 10 sec) . 300°C 

Voltage on Oscillator Control Pins ..Vs to Vi 

Output Short Circuit Duration. Indefinite 


Current into Any Pin . 10 mA 

While Operating (Note 4) . 100 juA 

Operating Temp. Range 

I Device .-25° C to +85° C 

C Device.0°C to +70° C 

Package Power Dissipation (Ta = 25° C) 

CerDIP Package . 500 mW 

Plastic Package . 500 mW 


Electrical Characteristics: vs = +5 v, vi = -5 v. ca = cb = 01 mf ta = 25°c 


TYPE 

NO. 

SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

MIN 

TSC918 

TYP 

MAX 

UNIT 


1 

Vos 

Input Offset Voltage 

Ta = +25° C 

- 

- 

50 

mV 


2 

AVos 

AT 

Input Offset Voltage 

Average Temp. Coefficient 

Operating Temp 

Range (Note 1) 

- 

0.4 

0.8 

mV/°c 

N 

3 

Ibias 

Average 

Input Bias 

Current (Note 7) 

Ta = + 25°C 

- 

- 

100 

pA 

P 

u 

4 

los 

Input Offset Current 

Ta = + 25°C 

- 

0.5 

- 

pA 

T 

5 

enp-p 

Input Noise Voltage 

Rs =100 a 

0 to 10 Hz 

- 

4 

- 

/iVp-p 


6 

©np-p 

Input Noise Voltage 

Rs =100 a 

0 to 1 Hz 

- 

0.3 

- 

mVp-p 


7 

Rin 

Input Resistance 


- 

1012 

- 

n 


8 

CMVR 

Common-Mode 

Voltage Range 


-5.0 


+2.0 V 

V 


9 

CMRR 

Common-Mode 

Rejection Ratio 

CMVR = -5 V to +2.0 V 

98 

115 

- 

dB 

0 

10 

Av 

Large-Signal Voltage Gain 

Rl= 10 ka 

100 

130 

- 

dB 

u 

T 

11 

VOUT 

Output Voltage 

Rl = 25 ka 

-4.7 

— 

+3.5 

V 

P 

Swing (Note 3) 

Rl = 100 ka 

-4.9 

— 

+3.9 

U 

T 

12 


Clamp ON Current (Note 2) 

Rl = 100 ka 

20 

90 

200 

)uA 

13 


Clamp OFF Current (Note 2) 

-4.0 V < VoUT < + 4.0 V 

- 

1 

- 

pA 

D 

Y 

N 

A 

M 

1 

C 

14 

Bw 

Unity 

Gain 

Bandwidth 

Unity Gain (+1) 

- 

0.7 

- 

MHz 

15 

Sr 

Slew Rate 

pp 

II II 

o o 

- 

0.2 

- 

V//US 

S 

U 

16 

Vs to vi 

Operating 

Supply Range 


4.5 

- 

16 

V 

P 

P 

17 

Is 

Supply Current 

No Load 

- 

300 

800 

mA 

L 

Y 

18 

PSRR 

Power Supply 

Rejection Ratio 

Vs = ±3Vto±8V 

105 

- 

- 

dB 

Notes: 

1. Operating temperature range is -25° C to +85° C for “I” grade and 0°C to 
+70° C for “C” grade. 

2. See OUTPUT CLAMP discussion. 

3. OUTPUT CLAMP not connected. 

4. Limiting input current to 100 /xA is recommended to avoid latch-up 
problems. 

5. Static Sensitive Device. Unused devices must be stored in conductive ma¬ 
terial to orotect devices from possible static damage. 

6. Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. These are stress ratings only and func¬ 
tional operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

7. Average current caused by switch charge transfer at input. 
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Low Cost 

Operational Amplifier 

• 50 /xV Max. Vos 

• 800 juA Max. Supply Current TSC918 


OP Amp Performance Comparison 

The TSC918 is a low cost, low power, precision amplifier. A 
comparison between the TSC918 and other amplifiers is 
shown in Figure 1 below. 



Nulling Capacitors 

The offset voltage correction capacitors are connected to Ca 
and Cb. The common capacitor connection is made to Vi 
(Pin 4) on the 8-pin packagesand to capacitor return (Cr, Pin 
8) on the 14“pin packages. The common connection should 
be made through either a separate pc trace or wire to avoid 
voltage drops. 

Internally Vi is connected to Cr. 


Vs Vs 



14 PIN PACKAGE 


Vfe 



(PIN 8 IS CONNECTED TO 
PIN 7 INTERNALLY) 


Figure 2: Nulling Capacitor Connection 


Clock Operation 

The internal oscillator is set for a 150 Hz nominal frequency 
on both the 8 and 14-pin dual in line packages. With the 14- 
pin DIP TSC918, the 150 Hz internal frequency is available at 
the internal clock output (Pin 12). A 300 Hz nominal signal 
will be present at the external clock input pin (Pin 13) with 
EXT/INT high or open. This is the internal clock signal before 
a divide by two operation. 


The 14-pin DIP device can be driven by an external clock. The 
INT/EXT input (Pin 14) hasan internal pull-upand maybe left 
ope n for internal clock operation. If an external clock is used 
INT/EXT must be tied to Vi (Pin 7) to disable the internal 
clock. The external clock signal is applied to the external 
clock input (Pin 13). 

The external clock amplitude should swing between Vs and 
ground for power supplies up to ±6 V and between Vsand Vs 
"6 V for higher supply voltages. 


13 


At low frequencies the external clock duty cycle is not critical 
since an internal divide by two gives the desired 50% switch¬ 
ing duty cycle. The offset storage correction capacitors are 
charged only when the external clock input is high. A50-80% 
external clock positive duty cycle is desired for frequencies 
above 500 Hz to guarantee transients settle before the inter¬ 
nal switches open. 


The externa! clock input can also be used asa strobe input. If 
a strobe signal isconnected attheexternal clock inputso that 
it is low during the time an overload signal is applied, neither 
capacitor will be charged. The leakage currents at the capa¬ 
citor pins are very low. 


Ca and Cb should be 0.1 film capacitors. Mylarcapacitors 
are suitable. 
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Low Cost 
Operational Amplifier 
• 50 mV Max. Vos 

TSC918 • 800 mA Max. Supply Current 


Output Clamp 

If the output is driven to either supply rail output saturation 
occurs. The inputs are no longer held at a “virtual ground.” 
The Vos null circuit treats the differential signal as an offset 
and tries to correct it by charging the external capacitors. 
The nulling circuit also saturates. Once the input signal re¬ 
turns to normal, the response time is lengthened by the long 
recovery time of the internal correction circuit and external 
capacitors. 

Through an external clamp connection, the TSC918 elimi¬ 
nates the overload recovery problem by reducing the feed¬ 
back network gain before the output voltage reaches either 
supply rail. 

Normally the clamp pin is not connected. 



Figure 5: Inverting Ampiifier with Optionai Clamp 



Figure 3: Internal Clamp Circuit 



Figure 4: Non-Inverting Ampiifier with Optional Clamp 


Input Bias Current 

The TSC918 inputs are riever disconnected from the main 
internal amplifier. The null amplifier samples the input offset 
voltage and corrects DC errors and drift by storing compen¬ 
sating voltages on external capacitors. The sampling causes, 
however, charge transfer at the inputs. The charge transfer 
represents a peak impulse current of 200 to 290 nA at the 
inputs when the internal clock makes a transition. 


Latch-Up Avoidance 

Junction-isolated CMOS circuits inherently include a parasi¬ 
tic 4-layer (p-n-p-n) structure which has characteristics 
similar to an SCR. Under certain circumstances this junction 
may be triggered into a low impedance state, resulting in 
excessive supply current. To avoid the condition, no voltage 
greater than 0.3 V beyond the supply rails should be applied 
to any pin. In general, the amplifier supplies must be estab¬ 
lished either at the same time or before any input signals are 
applied. If this is not possible, the drive circuits must limit 
input current flow to under 0.1 mA to avoid latchup. 


Typical Characteristic Curve 
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TELEDYNE TSC7650A 

SEMICONDUCTOR Chopper-Stabilized 

Operational Amplifier 
• Low Offset Voltage 5 fxM Max. 
• Low Supply Current 1.7 mA 


General Description 

The TSC7650A CMOS chopper-stabilized operational ampli¬ 
fier practically removes offset voltage error terms from sys¬ 
tem errorcalculations. The 5/uV maximum Vos specification, 
for example, represents a fifteen times improvement over the 
industry standard OP07E. The 0.2 /uV/°C Max. offset drift 
specification is sixtimes lowerthan the OP07E. The increased 
performance eliminates Vos trim procedures, periodic poten¬ 
tiometer adjustment and the reliability problems caused by 
damaged trimmers. The TSC7650Afeatures lower maximum 
power supply current and higher slew rate than the ICL 7650. 
The TSC7650A power supply current is 2.5 mA maximum. 
The TSC7650A performance advantages are achieved with¬ 
out the additional manufacturing complexity and cost 
incurred with laser or "zener zap” Vos trim techniques. The 
TSC7650A is one of the lowest cost precision operational 
amplifiers available. 

The TSC7650A nulling scheme corrects both dc Vos errors 
and Vos drift errors with temperature. A nulling amplifier 
alternately corrects its own Vos errors and the main amplifier 
Vos error. Offset nulling voltages are stored on two user 
supplied external capacitors. The capacitors connect to the 
internal amplifier Vos null points. The main amplifier input 
signal is never switched. Switching spikes are not present at 
the TSC7650A output. The null scheme keeps Vos errors low 
throughout the operating temperature range. Laser and 
‘‘zener zap” trimming can correct for Vos at only one tem¬ 
perature. 

The nulling circuit osciliator and control circuits are inte¬ 
grated on chip. Only two external Vos error storage capaci¬ 
tors are required. The TSC7650A operates as a conventional 
operational amplifier with vastly improved input specifica¬ 
tions. The low Vos and Vos drift errors make the TSC7650A 
ideal forthermocouple, thermistor, and strain gauge applica¬ 
tions. Low dc errors and high open loop gain make the 
TSC7650A an excellent preamplifier for precision analog to 
digital converters like the TSC7135, TSC800, and TSC7109. 

The 14-pin dual in line package (DIP) has an external oscilla¬ 
tor input to drive the nulling circuitry for optimum noise per¬ 
formance. Both the 8 and 14-pin DIP have an output voltage 
clamp circuit to minimize overload recovery time. 


Pin Configuration 


ca [T 

-INPUT [T 
+INPUT [T 

Vs E 


Cb E 

Ca E 

E] NC(GUARD) E 

T] V| -INPUT E 

T] OUTPUT +INPUT E 
T] CLAMP NC (GUARD) E 

Vs E 


E] int/ext 

■rrn EXTERNAL CLOCK 
-HI INPUT 

-rri INTERNAL CLOCK 
—I OUTPUT 

Zl vS 

E] OUTPUT 
H OUTPUT CLAMP 
12 CreTN 


NC - NO INTERNAL CONNECTION 


Features 

• Low Input Offset Voltage . 5 /uV Max. 

• Low Input Offset Voltage Drift. 0.2 ;uV/®C Max. 

• Low Input Bias Current . 15 pA Max. 

• High Impedance Differential CMOS Inputs . IO 12 n 

• High Open Loop Voltage Gain . 120 dB Min. 

• High Slew Rate . 4.0 V//us 

• Low Power Operation. 17 mW 


• Output Clamp Speeds Recovery Time 

• Compensated Internally for Stable Unity Gain Operation 

• Pin Compatible Replacement for ICL7650 


Ordering Information 


Part No. 

Package 

Temp. 

Range 

Max. 

Vos 

*TSC7650ACPA 

8-Pin 

Plastic Dip 

0°C to + 70°C 

5 mV 

*TSC7650AIJA 

8-Pin 

CerDIP 

-25°Cto + 85°C 

5 mV 

*TSC7650ACPD 

14-Pin 

Plastic Dip 

0°C to + 70°C 

5 mV 

*TSC7650AIJD 

14-Pin 

CerDIP 

-25°Cto + 85°C 

5 mV 


*Available with 160 hour, +125°C burn-in. Add /Bl to part 
number suffix. 


Functional Diagram 
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Chopper-Stabilized 
Operational Amplifier 
• Low Offset Voltage 5 mV Max. 
TSC7650A_• Low Supply Current 1.7 mA 


Absolute Maximum Ratings 

Total Supply Voltage (Vs to Vs) . 18 Volts 

Input Voltage . (Vs + 0.3) to (Vi - 0.3) Volts 

Storage Temp. Range .-55®C to 150® C 

Lead Temperature (Soldering, 10 sec) . 300® C 

Voltage on Oscillator Control Pins . Vs to Vi 

Output Short Circuit Duration. Indefinite 

Current into Any Pin . 10 mA 

While Operating (Note 4) . 

Operating Temp. Range 

1 Device . 

C Device. 

Package Power Dissipation (Ta = 25® C) 

CerDIP Package ... 

Plastic Package . 

. 100 mA 

.. -25°Cto+85'>C 
.... O'Cto+ZO'C 

. 500 mV 

... 375 mW 

Electrical Characteristics: vs = +5 v, vi -s v, 

Ca = Cb = 0.1 nF. Ta = 

25® C. 




TYPE 

NO. 

SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

MIN 

TSC7650A 

TYP 

MAX 

UNIT 


1 

Vos 

Input Offset Voltage 

Ta = +25“C 

— 

±0.7 

±5.0 

mV 

1 

2 

AVos 

AT 

Input Offset Voltage 

Average Temp. Coefficient 

Operating Temp 

Range (Note 1) 


0.08 

0.2 

mV/®C 

N 




Ta = + 25®C 

- 

1.5 

15 


P 

3 

Ibias 

Input Bias Current 

0‘'C<Ta< + 70®C 

- 

35 

150 

pA 

U 




-25®C<Ta< + 85®C 

- 

100 

400 


T 

4 

los 

input Offset Current 

Ta = 25®C 

- 

0.5 

- 

pA 


6 

enp-p 

input Noise Voitage 

Rs= loon 

0.1 to 10 Hz 


4.0 

- 

mVp-p 


6 

in 

input Noise Current 

f = 10Hz 

- 

0.01 

- 

pA/\/Hz 


7 

Rin 

input Resistance 


- 

1012 


a 


8 

CMVR 

Common-Mode 

Voitage Range 


-5.0 

-5.2 to +1 5 w 
+2.0 

V 


9 

CMRR 

Common-Mode 

Rejection Ratio 

CMVR = -5 V to +1.5 V 

120 

130 

- 

dB 

0 

10 

Av 

Large-SIgnai Voitage Gain 

RL = 10kn 

120 

130 

- 

dB 

U 

11 

VOUT 

Output Voitage Swing (Note 3) 

Ri^lOkn 

±4.7 

±4.85 

- 

V 

T 

R 

Rl = 100 kn 

- 

±4.95 

- 


U 

T 

12 


Clamp ON Current (Note 2) 

Rl = 100 kn 

25 

70 

ESI 

mA 


13 


Clamp OFF Current (Note 2) 

-4.0 V < VoUT < + 4.0 V 

- 

1 

- 

pA 

D 

14 

Bw 

Unity Gain Bandwidth 

Unity Gain (+1) 


1.0 

- 

MHz 

Y 

N 

15 

Sr 

Slew Rate 

Cl = 50 pF, RL=10kn 

- 

4.0 

- 

V/ms 

A 

16 

tr 

Rise Time 


— 

0.2 


MS 

M 

1 

17 


Overshoot 


- 

30 

__ 

% 

C 

18 

fch 

Internal Chopping Frequency 

Pins 12-14 Open (DIP) 

120 

300 

420 

Hz 

S 

u 

19 

Vs to vi 

Operating 

Supply Range 


4.5 


16 

V 

p 

p 

20 

Is 

Supply Current 

No Load 

- 

1.7 

2.5 

mA 

L 

Y 

21 

PSRR 

Power Supply 

Rejection Ratio 

Vs = ±3Vto±8V 

120 

130 

- 

dB 


Notes: 

1. Operating temperature range Is “25®C to +85® C for “1" grade and 0®C to 
+70® C for "C" grade. 

2. See OUTPUT CLAMP discussion. 

3. OUTPUT CLAMP not connected. See characteristic curves for output 
swing vs clamp current. 

4. Limiting Input current to 100 mA Is recommended to avoid latch-up 
problems. 


5. Static Sensitive Device. Unused devices must be stored In conductive ma¬ 
terial to protect devices from possible static damage. 

6. Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratings only and func¬ 
tional operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions forextended periods may 
affect device reliability. 
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Chopper-Stabilized 
Operational Amplifier 

• Low Offset Voltage 5 /uV Max. 

• Low Supply Current 1.7 mA _TSC7650A 


Theory of Operation 

Figure 1 shows the major elements of the TSC7650A. There 
are twoamplifiers.themainamplifierand the nulling amplifier; 
both have offset-null capability. The main amplifier is con¬ 
nected full-time from the input to the output. The nulling 
amplifier, under the control of the chopping frequency oscil¬ 
lator and clock circuit, alternately nulls itself and the main 
amplifier. Two external capacitors provide the required stor¬ 
age of the nulling potentials and the necessary nulling-loop 
time constants. The nulling arrangement operates over the 
full common-mode and power-supply ranges, and is also 
independent of the output level, thus giving exceptionally 
high CMRR, PSRR, and Avol. 



Figure 1: TSC7650A Contains a Nulling and Main Am¬ 
plifier. Offset Correction Voltages are Stored 
on Two External Capacitors. 


Careful balancing of the input switches minimizes chopper 
frequency charge injection at the input terminals, and the 
feed forward-type injection into the compensation capacitor 
that can cause output spikes in this type of circuit. 

The circuits offset voltage compensation is easily shown. 
With the nulling inputs shorted a voltage almost identical to 
the nulling amplifier offset voltage is stored on Ca. The effec¬ 
tive offset voltage at the null amplifier input is: 

(1) VoSE = ^ VoSN 

An + 1 

After the nulling amplifier is zeroed the main amplifier is 
zeroed: the A switches open and B switches close. 

The output voltage equation is: 

(2) Vo = Am [vosm + (v*-v') + An(v^-v1 + AnVose] 
Substituting (1) — (2) and assuming An »1. 


(3) Vo= AmAn[(v^-v-)+ Vosm + Vqsn ] 

An 

As desired the device offset voltages are reduced by the 
high open-loop gain of the nulling amplifier. 


Output Stage/Load Driving 

The output circuit is a high-impedance stage (approximately 
18 kfi). With loads less than this the chopper amplifier be¬ 
haves in some ways likeatransconductanceamplifierwhose 
open-loop gain is proportional to load resistance. For exam¬ 
ple, the open-loop gain will be 17 dB lower with a 1 kfl load 
than with a 10 kO load. If the amplifier is used strictly for dc 
the lower gain is of little consequence since the dc gain is 
typically greater than 120 dB even with a 1 kfl load. In wide¬ 
band applications, the best frequency response will be 
achieved with a load resistor of lOkOor higher. This will re¬ 
sult in a smooth 6dB/octave response from 0.1 Hz to 2 MHz, 
with phase shifts of less than 10° in the transition region 
where the main amplifier takes over from the null amplifier. 
The clock frequency sets the transition region. 

Intermodulation 

Previous chopper-stabilized amplifiers have suffered from 
intermodulation effects between the chopper frequency and 
input signals. These arise because the finite ac gain of the 
amplifier results in a small ac signal at the input. This is seen 
by the zeroing circuit as an error signal, which is chopped 
and fed back, thus injecting sum and difference frequencies 
and causing disturbances to the gain and phase vs. frequency 
characteristics near the chopping frequency. These effects 
are substantially reduced in the TSC7650A by feeding the 
nulling circuit with a dynamic current, corresponding to the 
compensation capacitor current, in such a way as to cancel 
that portion of the input signal due to a finite ac gain. The 
intermodulation and gain/phase disturbances are held to 
very low values, and can generally be ignored. 

Nulling Capacitor Connection 

The offset voltage correction capacitors are connected to Ca 
and Cb. The common capacitor connection is made to Vs 
(Pin 4) on the 8-pin packages and to capacitor return (Cr, Pin 
8) on the 14-pin packages. The common connection should 
be made through either a separate pc trace or wire to avoid 
voltage drops. The capacitors outside foil, if possible, should 
be connected to Cr or Vs. 
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Chopper-Stabilized 
Operational Amplifier 
• Low Offset Voltage 5 nV Max. 
TSC7650A_• Low Supply Current 1.7 mA 




NULLING CAPACITOR CONNECTION 



Vs 

Vs 




9 






ihjll 











4 

0- 



7 0- - 







n 


TSC7650A 


TSC7650A . 


5 



3 


4 



1 











^L|(J 



Mh 

►———O Vs 


Ca 

cb 


Ca 


14 PIN PACKAGE 

8 PIN PACKAGE 


Figure 2: Nulling Capacitor Connection 


Clock Operation 

The internal oscillator is set fora 300 Hz nominal chopping 
frequency on both the 8 and 14-pin dual in line packages. 
With the 14-pin DIP TSC7650A, the 300 Hz internal chopping 
frequency is available at the internal clock output (Pin 12). A 
600 Hz nominal signal will be present at the external clock 
input pin (Pin 13) with EXT/INT high or open. This is the 
internal clock signal before a divide by two operation. 

The 14-pin DIP device can be driven by an external clock. 
The INT/EXT input (Pin 14) has an internal pull-up and may 
be left open for internal clock operation. If an external clock 
is used INT/EXT must be tied to Vs (Pin 7) to disable the 
internal clock. The external clock signal is applied to the 
external clock input (Pin 13). 

The external clock amplitude should swing between Vs and 
ground for power supplies up to ± 6 V and between V'^and V"^ 
-6 V for higher supply voltages. 

At low frequencies the external clock duty cycle is notcritical 
since an internal divide by two gives the desired 50% 
switching duty cycle. The offset storage correction capa¬ 
citors are charged only when the external clock input is high. 
A 50-80% external clock positive duty cycle is desired for fre¬ 
quencies above 500 Hz to guarantee transients settle before 
the internal switches open. 

The external clock input can also be used as a strobe input. If 
a strobe signal is connected at the external clock input so that 
it is low during the time an overload signal is applied, neither 
capacitor will be charged. The leakage currents at the capa¬ 
citor pins are very low. At 25°C atypical TSC7650A will drift 
less than 10 /xV/sec. 


Output Clamp 

Chopper-stabilized systems can show long recovery times 
from overloads. If the output is driven to either supply rail, 
output saturation occurs. The inputs are no longer held at a 
“virtual ground.” The Vos null circuit treats the differential 
signal as an offset and tries to correct it by charging the 
external capacitors. The nulling circuit also saturates. Once 
the input signal returns to normal, the response time is leng¬ 
thened by the Jong recovery time of the nuliing ampiifierand 
external capacitors. 

Through an external clamp connection, the TSC7650Aelimi- 
nates the overload recovery problem by reducing the feed¬ 
back network gain before the output voltage reaches either 
supply rail. 

The output clamp circuit is shown in Figure 3 with typical 
inverting and non-inverting circuit connections shown in 
Figure 4 and 5. Output voltage vs clamp circuit current 
characteristics are shown in the typical operating curves. For 
the clamp to be fully effective, the impedance across the 
clamp output should be greater than 100 kO. 


9 INTERNAL 

POSITIVE CLAMP BIAS V+ - Vj ^ V+ - 0.7V 


INTERNAL 

NEGATIVE CLAMP BIAS == V" + Vj 

«= V- + 0.7 V 


-_0 TSC7650A 
OUTPUT 


Figure 3: Internal Clamp Circuit 



Figure 4: Non-Inverting Amplifier with Optional Clamp 
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Chopper-Stabilized 
Operationai Amplifier 

• Low Offset Voltage 5 /xV Max. 

• Low Supply Current 1.7 mA _TSC7650A 


R2 



Figure 5: Inverting Amplifier with Optional Clamp 

static Protection 

All device pins are static-protected. Strong static fields and 
discharges should be avoided, however, as they can degrade 
diode junction characteristics and increase input-leakage 
currents. 

Many companies are actively involved in providing services, 
educational material, and supplies to aid electronic manufac¬ 
turers in establishing “static safe” work areas where CMOS 
components are handled. A partial company listing is: 

• 3M 

Static Control Systems Division 
223-25W EM Center 
St. Paul, MN 55101 
(800) 792-1072 

• Semtronics 
P.O. Box 592 
Martinsville, NJ 08836 
(210) 561-9520 

• American Convertors 

1919 South Butlerfield Road 
Mundelein, IL 60060 
(312) 362-9000 

• ACL 

1960 East Devon Avenue 
Elk Grove Village, IL 60007 
(312) 981-9212 

Latch-Up Avoidance 

Junction-isolated CMOS circuits inherently include a para¬ 
sitic 4-layer (p-n-p-n) structure which has characteris¬ 
tics similar to an SCR. Under certain circumstances this junc¬ 
tion may be triggered into a low impedance state, resulting in 
excessive supply current. To avoid the condition, no voltage 
greater than 0.3 V beyond the supply rails should be applied 
to any pin. In general, the amplifier supplies must be esta¬ 
blished either at the same timeorbeforeany input signalsare 
applied. If this is not possible, the drive circuits must limit 
input current flow to under 0.1 mA to avoid latchup. 


Thermo-Electric Potentials 

Precision dc measurements are ultimately limited by thermo¬ 
electric potentials developed in thermocouple junctions of 
dissimilar metals, alloys, silicon, etc. Unless all junctions are 
at the same temperature, thermoelectric voltages typically 
around 0.1 juV/°C, but up to tens of )uV/°C for some materials, 
will be generated. In order to realize the benefits extremely 
low offset voltages provide, it is essential to take special pre¬ 
cautions to avoid temperature gradients. All components 
should be enclosed to eliminate air movement, especially 
those caused by power-dissipating elements in the system. 
Low thermoelectric-coefficient connections should be used 
where possible and power supply voltages and power dissi¬ 
pation should be kept to a minimum. High-impedance loads 
are preferable, and separation from surrounding heat-dissi¬ 
pating elements is advised. 

Pin Compatibility 

On the 8-pin mini-dip TSC7650A the external null storage 
capacitors are connected to pins 1 and 8. On most other 
operational amplifiers these are left open or are used for 
offset potentiometer or compensation capacitor connections. 

For OP05 and OP07 operational amplifiers, the replacement of 
the offset null pot between pins 1 and 8 by two capacitors from 
the pins to Vs will convert the OP05/07 pin configuration for 
TSC7650A operation. For LM108 devices the compensation 
capacitor is replaced by the external nulling capacitors. The 
LM101/748/709 pin outs are modified similarly by also 
removing any circuit connections to pin 5. On the TSC7650A 
pin 5 is the output clamp connection. Other operational 
amplifiers may use this pin as an offset or compensation 
point. 

The minor modifications needed to retrofit a TSC7650A into 
existing sockets operating at reduced power supply voltages 
make prototyping and circuit verification straight forward. 

Input Guarding 

High impedance, low leakage CMOS inputs allow the 
TSC7650A to make measurements of high impedance 
sources. Stray leakage paths can increase input currents and 
decrease input resistance unless inputs are guarded. A guard 
is a conductive pc trace surrounding the input terminals. The 
ring connects to a low impedance point as the same potential 
as the inputs. Stray leakages are absorbed by the low impe¬ 
dance ring. The equal potential between ring and inputs 
prevents input leakage currents. Typical guard connections 
are shown in Figure 6. 

The 14-pin DIP configuration has been specifically designed 
to ease input guarding. The pins adjacent to the inputs are 
unused. 

In applications requiring low leakage currents, boards 
should be cleaned thoroughly and blown dry after soldering. 
Protective coatings will prevent future board contamination. 
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Chopper-Stabilized 
Operational Amplifier 
• Low Offset Voltage 5 pW Max. 
TSC7650A _• Low Supply Current 1.7 mA 


R1 R2 



*USE R3 TO COMPENSATE FOR 
LARGE SOURCE RESISTANCES, 
OR FOR CLAMP OPERATION. 


Non-Inverting 


Figure 6: Input Guard Connection 


Component Selection 

The two required capacitors, Ca Cb, have optimum values 
depending on the clock or chopping frequency. For the 
preset internal clock, the correct value is 0.1 /xF. To maintain 
the same relationship between the chopping frequency and 
the nulling time constant, the capacitor values should be 
scaled in proportion to the external clock if used. High- 
quality film-type capacitors such as mylar are preferred. 
Ceramic or other lower-grade capacitors may be suitable in 
some applications. For fast settling on initial turn-on, low 
dielectric absorption capacitors (such as polypropylene) 
should be used. With ceramic capacitors, several seconds 
may be required to settle to 1 ^tV. 




Figure 7: TSC7650A Peak to Peak Noise (0.1 to 10Hz) 


W TELEDYNE SEMICONDUCTOR 


13 - 34 


















Chopper-Stabilized 
Operational Amplifier 

• Low Offset Voltage 5 /xV Max. 

• Low Supply Current 1.7 mA_TSC7650A 


Typical Characteristic Curves 


Positive Clamp Current 
vs Output Voltage 



Negative Clamp Current 
vs Output Voltage 

1 mA 

0.1 mA 

0.01 mA 

5 1 ma 

ce 

I 0.1 mA 

a. 

I 0.01 aiA 

u 

1 nA 
0.1 nA 
0.01 nA 

^’’%0 41 42 43 44 45 46 47 48 49 50 
OUTPUT VOLTAGE (V) 



Supply Current vs 
Supply Voltage 



SUPPLY VOLTAGE (V) 


Gain/Phase vs Frequency 



FREQUENCY (Hz) 
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Chopper>Stabilfzed 
Operational Amplifier 
• Low Offset Voltage 5 ;uV Max. 
TSC7650A _• Low Supply Current 1.7 mA 


Package Outline 
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TELEDYNE TSC7650 

SEMICONDUCTOR Precision Chopper-Stabiiized 

Operationai Ampiifier 
• 0.7 juV Offset Voltage 
• 50 nV/°C Offset Voltage Drift 


General Description 

The TSC7650 CMOS chopper-stabilized operational ampli¬ 
fier practically removes offset voltage error terms from sys¬ 
tem error calculations. The S^uV maximum Vos specification, 
for example, represents a fifteen times improvement over the 
industry standard 0P07E. The 50 nV/°C offset drift speci¬ 
fication is over twenty-five times lower than the 0P07E. The 
increased performance eliminates Vos trim procedures, 
periodic potentiometer adjustment and the reliability prob¬ 
lems caused by damaged trimmers. 

The TSC7650 performance advantages are achieved without 
the additional manufacturing complexity and cost Incurred 
with laser or “zener zap” Vos trim techniques. The TSC7650 
is one of the lowest cost precision operational amplifiers 
available. 

The TSC7650 nulling scheme corrects both dc Vos errors 
and Vos drift errors with temperature. A nulling amplifier al¬ 
ternately corrects its own Vos errors and the main amplifier 
Vos error. Offset nulling voltages are stored on two user 
supplied external capacitors. The capacitors connect to the 
internal amplifier Vos null points. The main amplifier input 
signal is never switched. Switching spikes are not present at 
the TSC7650 output. The null scheme keeps Vos errors low 
throughout the operating temperature range. Laser and 
"zener zap” trimming can correct for Vos at only one tem¬ 
perature. 

The nulling circuit oscillator and control circuits are inte¬ 
grated on chip. Only two external Vos error storage capaci¬ 
tors are required. The TSC7650 operates as a conventional 
operational amplifier with vastly improved input specifica¬ 
tions. The low Vos and Vos drift errors make the TSC7660 
ideal for thermocouple, thermistor, and strain gauge applica¬ 
tions. Low dc errors and high open loop gain make the 
TSC7650 an excellent preamplifier for precision analog to 
digital converters like the TSC7135 and TSC800. 

The 14-pin dual in line package (DIP) has an external 
oscillator input to drive the nulling circuitry for optimum 
noise performance. Both the Sand 14-pin DIP have an output 
voltage clamp circuit to minimize overload recovery time. 


Pin Configuration 


ca [T 

-INPUT [T 
+INPUT [T 

Vs E 


T]cb 

Z]v| 

T] OUTPUT 
TSC7650 IZ; 

M CLAMP 


cb[T 
Ca E 

NC(GUARD) E 
-INPUT E 
+INPUT E 
NC (GUARD) E 

Vs E 


~u\ INT/EXT 
—n EXTERNAL CLOCK 
-liJ INPUT 

TTl INTERNAL CLOCK 
OUTPUT 

IDs/s 

Tol OUTPUT 
~9~| OUTPUT CLAMP 
12 CreTN 


NC = NO INTERNAL CONNECTION 


Features 


• Low Input Offset Voltage . 0.7 /uV 

• Low Input Offset Voltage Drift. 0.06 /iV/®C Max. 

• Low Input Bias Current . 10 pA Max. 

• High Impedance Differential CMOS Inputs .IO 12 a 

• High Open Loop Voltage Gain. 120 dB Min. 

• Low Input Noise Voltage .2.0 juVp-p 

• High Slew Rate . 2.6 V/^us 

• Low Power Operation . 20 mW 

• Output Clamp Speeds Recovery Time 

• Compensated Internally for Stable Unity Gain Operation 

• Direct Replacement for ICL7650 

• Available in 8-Pin Dip 


Ordering information 


Part No. 

Package 

i. 

Temp. 

Range 

Max. 

Offset 

Voltage 

*TSC7660CPA 

8-Pin 

Plastic Dip 

0“Cto + 70‘'C 

5/uV 

*TSC7650IJA 

8-Pin 

CerDIP 

-26®Cto + 86®C 

5 mV 

*TSC7650CPD 

14-Pin 

Plastic Dip 

0®Cto + 70®C 

6 mV 

*TSC7660IJD 

14-Pin 

CerDIP 

-26®Cto + 85®C 

5 mV 

*Available with 160 hour, +125® 
number suffix. 

Functionai Diagram 

C burn-ln. Add /Bl to part 


^f^TSC7660 



• FOR 8 PIN DIP CONNECT TO Vf 
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Precision Chopper-Stabiiized 
Operationai Ampiifier 
• 0.7 /iV Offset Voltage 

TSC7650_* 50 nV/°C Offset Voltage Drift 


Absolute Maximum Ratings 

Total Supply Voltage (Vs to Vs) .. 18 Volts 

Input Voltage .(Vs + 0.3) to (Vs - 0.3) Volts 

Storage Temp. Range ... -55° C to 150° C 

Lead Temperature (Soldering, 10 sec) .. 300° C 

Voltage on Oscillator Control Pins . Vs to Vs 

Output Short Circuit Duration. indefinite 

Current into Any Pin ... 10 mA 


While Operating (Note 4) . 100 mA 

Operating Temp. Range 

M Device . -55° C to 4-125° C 

I Device .-25° C to+85° C 

C Device ..0°Cto +70° C 

Package Power Dissipation (Ta = 25° C) 

CerDIP Package ... 500 mV 

Plastic Package ... 375 mW 


Electrical Characteristics: vs = +5 v, vj = -s v, ca = cs = o.i mF- ta = 25° c. 


TYPE 

NO. 

SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

TSC7650 
MIN TYP 

MAX 

UNIT 


1 

Vos 

Input Offset Voltage 

Ta = +25° C 

- ±0.7 

±5.0 



Over Operating Temp. 
Range (Note 1 ) 

- ± 1.0 

— 

mV 


2 

AVos 

AT 

Input Offset Voltage 

Average Temp. Coefficient 

Operating Temp 

Range (Note 1) 

- 0.01 

0.05 

mV/°C 

1 

N 

3 


Offset Voltage vs Time 


- 100 

- 

nV 

\/month 

P 




Ta = + 25°C 

- 1.5 

10 


U 

4 

Ibias 

Input Bias Current 

0°C<Ta< + 70°C 

— 35 

150 

pA 

T 




-25°C<Ta< + 85°C 

~ 100 

400 



5 

los 

Input Offset Current 

Ta = 25° C 

0.5 

~ 

pA 


6 

©np-p 

Input Noise Voltage 

Rs = 100 n 

0 to 10 Hz 

- 2 

" 

mVp-p 


7 

in 

Input Noise Current 

f = 10 Hz 

- 0.01 

- 

pa/Vhz 


8 

Rin 

Input Resistance 


- 1012 


n 


9 

CMVR 

Common-Mode 

Voltage Range 


-5 0 

+ 2.0 

+1.6 V 

V 


10 

CMRR 

Common-Mode 

Rejection Ratio 

CMVR = -5 V to +1. 5 V 

120 130 

- 

dB 

0 

11 

Av 

Large-Signal Voltage Gain 

a 

0 

II 

cc 

120 130 

- 

dB 

u 

12 

VOUT 

Output Voltage Swing (Note 3) 

Rl = lOka 

± 4.7 ± 4.85 

- 

_ V 

T 

p 

Rl = ioo ka 

- ± 4.95 

~ 


u 

T 

13 


Clamp ON Current (Note 2) 

Rl = 100 ka 

25 70 

200 

mA 


14 


Clamp OFF Current (Note 2) 

- 4.0 V < vouT < + 4.0 V 

— 1 

- 

pA 

D 

15 

Bw 

Unity Gain Bandwidth 

Unity Gain (+1) 

- 2.0 

- 

MHz 

Y 

N 

16 

Sr 

Slew Rate 

Cl = 50 pF, Rl = 10 k 

~ 2.5 

- 

V/ms 

A 

M 

1 

17 

tr 

Rise Tim© 


- 0.2 

- 

/us 

18 


Overshoot 


- 20 

- 

% 

C 

19 

fch 

Internal Chopping Frequency 

Pins 12-14 Open (DIP) 

120 200 

375 

Hz 

S 

U 

20 

Vs to Vs 

Operating 

Supply Range 


4.5 

16 

V 

P 

P 

21 

Is 

Supply Current 

No Load 

— 2.0 

3.5 

mA 

L 

Y 

22 

PSRR 

Power Supply 

Rejection Ratio 

Vs = ±3Vto±8V 

120 130 

- 

dB 

Notes: 

1. Operating temperature range is -25®C to +85® C for "1" grade and 0°C to 
+70® C for “C" grade. 

2. See OUTPUT CLAMP discussion. 

3. OUTPUT CLAMP not connected. See characteristic curves for output 
swing vs clamp current. 

4. Limiting input current to 100 mA is recommended to avoid iatch-up 
problems. 

5. Static Sensitive Device. Unused devices must be stored in conductive ma¬ 
terial to protect devices from possible static damage. 

6. Stresses above those listed under "Absolute Maximum Ratings” may cause 
permanent damage to the device. These are stress ratings only and func¬ 
tional operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions forextended periods may 
affect device reliability. 
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Precision Chopper-Stabilized 
Operational Amplifier 
• 0.7 mV Offset Voltage 

> 50 nV/°C Offset Voltage Drift _ TSC7650 


Theory of Operation 

Figure 1 shows the major elements of the TSC7650. There are 
two amplifiers, the main amplifier and the nulling amplifier; 
both have offset-null capability. The main amplifier is con¬ 
nected full-time from the input to the output. The nulling 
amplifier, under the control of the chopping frequency 
oscillator and clock circuit, alternately nulls itself and the 
main amplifier. Two external capacitors provide the required 
storage of the nulling potentials and the necessary nulling- 
loop time constants. The nulling arrangement operates over 
the full common-mode and power-supply ranges, and is also 
independent of the output level, thus giving exceptionally 
high CMRR, PSRR, and Avol. 



Figure 1: TSC7650 Contains a Nuiiing and Main Am- 
piifier. Offset Correction Voltages are Stored 
on Two External Capacitors. 


Careful balancing of the input switches minimizes chopper 
frequency charge injection at the input terminals, and the 
feed forward-type injection into the compensation capacitor 
that can cause output spikes in this type of circuit. 

The circuits offset voltage compensation is easily shown. 
With the nulling inputs shorted a voltage almost identical to 
the nulling amplifier offset voltage is stored on Ca. The effec¬ 
tive offset voltage at the null amplifier input is: 

(1) VosE = —- VOSN 

An + 1 

After the nulling amplifier is zeroed the main amplifier is 
zeroed: the A switches open and B switches close. 

The output voltage equation is: 

(2) Vo = Am [vosm + (V^ - V) + An(V^ - V) + An Vose] 
Substituting (1) ^(2) and assuming An »1. 


(3) V0= AmAn|'(V^-V~)+ vosm + Vosn ] 

An 

As desired the device offset voltages are reduced by the 
high open-loop gain of the nulling amplifier. 

Output Stage/Load Driving 

The output circuit is a high-impedance stage (approximately 
18 kO). With loads less than this the chopper amplifier be¬ 
haves in some ways like a transconductance amplifier whose 
open-loop gain is proportional to load resistance. For exam¬ 
ple, the open-loop gain will be 17 dB lower with a 1 kO load 
than with a 10 kH load. If the amplifier is used strictly for dc 
the lower gain is of little consequence since the dc gain is 
typically greater than 120 dB even with a 1 kO load. In wide¬ 
band applications, the best frequency response will be 
achieved with a load resistor of 10 kn or higher. This will re¬ 
sult in a smooth 6 dB/octave response from 0.1 Hz to 2 MHz, 
with phase shifts of less than 10° in the transition region 
where the main amplifier takes over from the null amplifier. 
The clock frequency sets the transition region. 

Intermodulation 

Previous chopper-stabilized amplifiers have suffered from 
intermodulation effects between the chopper frequency and 
input signals. These arise because the finite ac gain of the 
amplifier results in a small ac signal at the input. This is seen 
by the zeroing circuit as an error signal, which is chopped 
and fed back, thus injecting sum and difference frequencies 
and causing disturbances to the gain and phase vs. 
frequency characteristics near the chopping frequency. 
These effects are substantially reduced in the TSC7650 by 
feeding the nulling circuit with a dynamic current, corres¬ 
ponding to the compensation capacitor current, in such a 
way as to cancel that portion of the input signal due to a finite 
ac gain. The intermodulation and gain/phase disturbances 
are held to very low values, and can generally be ignored. 

Nulling Capacitor Connection 

The offset voltage correction capacitors are connected to Ca 
and Cb. The common capacitor connection is made to Vs 
(Pin 4) on the 8-pin packages and to capacitor return (Cr, Pin 
8) on the 14-pin packages. The common connection should 
be made through either a separate pc trace or wire to avoid 
yoltage drops. The capacitors outside foil, if possible, should 
be connected to Cr or Vs. 
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Precision Chopper-Stabiiized 
Operational Amplifier 
• 0.7 juV Offset Voltage 

TSC7650_» 50 nV/°C Offset Voltage Drift 



Figure 2: Nulling Capacitor Connection 


Clock Operation 

The internal oscillator is set for a 200 Hz nominal chopping 
frequency on both the 8 and 14-pin dual in line packages. 
With the 14-pin DIP TSC7650, the 200 Hz internal chopping 
frequency is available at the Internal clock output (Pin 12). A 
400 Hz nominal signal v\ /ill be present at the external clock 
input pin (Pin 13) with EXT/INT high or open. This is the 
internal clock signal before a divide by two operation. 

The 14-pin DIP device can be driven by an external clock. 
Offset voltage and noise characteristics vs chopping fre¬ 
quency are sho wn in the typical operating characteristic 
curves. The INT/EXT input (Pin 14) has an internal pull-up 
and maybe left open for inte rnal clock operation. If an 
external clock is used INT/EXT must be tied to Vs (Pin 7) to 
disable the Internal clock. The external clock signal isapplied 
to the external clock input (Pin 13). 

The external clock amplitude should swing between Vs and 
ground for powersupplies up to ± 6 V and between V and V 
-6 V for higher supply voltages. 

At low frequencies the external clock duty cycle is not critical 
since an internal divide by two gives the desired 50% 
switching duty cycle. The offset storage correction capa¬ 
citors are charged only when the external clock input is high. 
A 50-80% external clock positive duty cycle is desired forfre- 
quencies above 500 Hz to guarantee transients settle before 
the internal switches open. 

The external clock input can also be used asa strobe input. If 
a strobe signal is connected at the external clock input so that 
it is low during the time an overload signal is applied, neither 
capacitor will be charged. The leakage currents at the capa¬ 
citor pins are very low. At 25° C a typical TSC7650 will drift 
less than 10 /xV/sec. 


Output Clamp 

Chopper-Stabilized systems can show long recovery times 
from overloads. If the output is driven to either supply rail, 
output saturation occurs. The inputs are no longer held at a 
“virtual ground.” The Vos null circuit treats the differential 
signal as an offset and tries to correct it by charging the ex¬ 
ternal capacitors. The nulling circuit also saturates. Once the 
input signal returns to normal, the response time is 
lengthened by the long recovery time of the nulling amplifier 
and external capacitors. 

Through an external clamp connection, the TSC7650 elimi¬ 
nates the overload recovery problem by reducing the feed¬ 
back network gain before the output voltage reaches either 
supply rail. 

The output clamp circuit is shown in Figure 3 with typical 
inverting and non-inverting circuit connections shown in 
Figure 4 and 5. Output voltage vs clamp circuit current 
characteristics are shown in the typical operating curves. For 
the clamp to be fully effective, the impedance across the 
clamp output should be greater than 100 kfl. 



PIN 


Figure 3: Internal Clamp Circuit 



Figure 4: Non-Inverting Amplifier with Optional Clamp 
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R2 



Figure 5: Inverting Amplifier with Optional Clamp 

Static Protection 

All device pins are static-protected. Strong static fields and 
discharges should be avoided, however, as they can degrade 
diode junction characteristics and increase input-leakage 
currents. 

Many companies are actively involved in providing services, 
educational material, and supplies to aid electronic manu¬ 
facturers in establishing “static safe” work areas where 
CMOS components are handled. A partial company listing is: 

• 3M 

Static Control Systems Division 
223-25W EM Center 
St. Paul, MN 55101 
(800) 792-1072 

• Semtronics 
P.O. Box 592 
Martinsville, NJ 08836 
(210) 561-9520 

• American Convertors 

1919 South Butlerfield Road 
Mundelein, IL 60060 
(312) 362-9000 

• ACL 

1960 East Devon Avenue 
Elk Grove Village, IL 60007 
(312) 981-9212 

Latch-Up Avoidance 

Junction-isolated CMOS circuits inherently include a 
parasitic 4-layer (p-n-p-n) structure which has characteris¬ 
tics similartoan SCR. Undercertaincircumstancesthisjunc- 
tion may be triggered into a low impedance state, resulting in 
excessive supply current. To avoid the condition, no voltage 
greater than 0.3 V beyond the supply rails should be applied 
to any pin. In general, the amplifier supplies must be esta¬ 
blished either at the same time or before any input signals are 
applied. If this is not possible, the drive circuits must limit 
input current flow to under 0.1 mA to avoid latchup. 


Thermo-Electric Potentials 

Precision dc measurements are ultimately limited by thermo¬ 
electric potentials developed in thermocouple junctions of 
dissimilar metals, alloys, silicon, etc. Unless all junctions are 
at the same temperature, thermoelectric voltages typically 
around 0.1 /uV/°C, but up to tens of mV/°C for some materials, 
will be generated. In order to realize the benefits extremely 
low offset voltages provide, it is essential to take special pre¬ 
cautions to avoid temperature gradients. All components 
should be enclosed to eliminate air movement, especially 
those caused by power-dissipating elements in the system. 
Low thermoelectric-coefficient connections should be used 
where possible and power supply voltages and power dissi¬ 
pation should be kept to a minimum. High-impedance loads 
are preferable, and separation from surrounding heat-dissi¬ 
pating elements is advised. 

Pin Compatibility 

On the 8-pin mini-dip TSC7650 the external null storage 
capacitors are connected to pins 1 and 8. On most other oper¬ 
ational amplifiers these are left open or are used for offset 
potentiometer or compensation capacitor connections. 

For OP05 and OP07 operational amplifiers, the replacement 
of the offset null pot between pins 1 and 8 by two capacitors 
from the pins to Vs will convert the OPO5/07 pin configura¬ 
tion for TSC7650 operation. For LM108 devices the compen¬ 
sation capacitor is replaced by the external nulling capaci¬ 
tors. The LM101/748/709 pin outs are modified similarly by 
also removing any circuit connections to pin 5. On the 
TSC7650 pin 5 is the output clamp connection. Other opera¬ 
tional amplifiers may use this pin as an offset or compensation 
point. 

The minor modifications needed to retrofit a TSC7650 into 
existing sockets operating at reduced power supply voltages 
make prototyping and circuit verification straight forward. 

Input Guarding 

High impedance, low leakage CMOS inputs allow the TSC7650 
to make measurements of high impedance sources. Stray 
leakage paths can increase input currents and decrease 
input resistance unless inputs are guarded. A guard is a 
conductive pc trace surrounding the input terminals. The 
ring connects to a low impedance point as the same potential 
as the inputs. Stray leakages are absorbed by the low impe¬ 
dance ring. The equal potential between ring and inputs pre¬ 
vents input leakage currents. Typical guard connections are 
shown in Figure 6. 

The 14-pin DIP configuration has been specifically designed 
to ease input guarding. The pins adjacent to the inputs are 
unused. 

In applications requiring low leakage currents, boards 
should be cleaned thoroughly and blown dry after soldering. 
Protective coatings will prevent future board contamination. 
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R1 R2 



OUTPUT 


R2 



Non-inverting 


*USE R3 TO COMPENSATE FOR 

LARGE SOURCE RESISTANCES, 

OR FOR CLAiyiP OPERATION. 


Figure 6: Input Guard Connection 


Component Selection 

The two required capacitors, Ca Cb, have optimum values 
depending on the clock or chopping frequency. For the 
preset internal clock, the correct value is 0.1 ^F. To maintain 
the same relationship between the chopping frequency and 
the nulling time constant, the capacitor values should be 
scaled in proportion to the external clock if used. High- 
quality film-type capacitors such as mylar are preferred. 
Ceramic or other lower-grade capacitors may be suitable in 
some applications. For fast settling on initial turn-on, low 
dielectric absorption capacitors (such as polypropylene) 
should be used. With ceramic capacitors, several seconds 
may be required to settle to 1 /uV. 
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Typical Characteristic Curves 


Positive Ciamp Current 
vs Output Voitage 



OUTPUT VOLTAGE (V) 


Suppiy Current vs 
Suppiy Voitage 



SUPPLY VOLTAGE (V) 


TSC7650 


Negative Ciamp Current 
vs Output Voitage 



OUTPUT VOLTAGE (V) 


Gain/Phase vs Frequency 



FREQUENCY (Hz) 
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Package Outline 
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■■■■Bipolar Interface Logic^■■B 

Purpose of Bipolar Interface Logic 

PROTECTING CMOS AND pP SYSTEMS 

Bipolar Interface Logic - the 300 Series - is a remarkably simple solution to interfacing 
your CMOS and jup systems (which operate on 12 or 15V powersupplies) with the outside 
world. 


OPERATION ON 11V TO 16V 

These bipolar circuits have the unique ability to operate on 11V to 16V powersupplies 
with an input threshold of 6V, which allows noise margins from 3.5V up to 6.5V. This 
eliminates worry about the high-voltage spikes or noise generated by bouncing switches, 
SCR’s, relays, solenoids or large motors. Also, the rugged bipolar construction of the 300 
series minimizes catastrophic failures often caused by high voltage spikes or improper 
maintenance. 


LOW OUTPUT IMPEDANCE 

With low output impedances, the 300 series can handle high drive currents of up to 
250mA, which makes them ideal for driving relays, solenoids, SCR’s, displays or long 
lines. 


MANY SOLUTIONS OFFERED BY THE 300 SERIES 

Teledyne Semiconductor’s Bipolar Interface Logic line includes buffer gates, power 
drivers, timing elements and much more. 


Seven Segment 



A detailed explanation of High Noise Immunity Bipolar Interface Logic and its uses 
can be found in Application Note 1. 


14 - 5 


■"^^^TELEDYNE SEMICONDUCTOR 









■ Bipolar Interface Logici 

Most Popular 300 Series Devices 




14-6 


^^^TELEDYNE SEMICONDUCTOR 








■ Bipolar interface Logic I 

Most Popular 300 Series Devices 



DUAL RETRIGGERA3LE 

TIMER 


ONE SHOT 


FROM MICROSECONDS 




TO HOURS 



Q 

— 7 

THRESHOLD 

p _1 


R ^ 

— 6 

DISCHARGE 0-2- 


OUTPUT 


J 











’■= 0 - 

Q 

R ° 

— 9 

—10 

reseto-5—J 

PIN COMPATIBLE TO 555 

FOR Vcc = 10.5- 16V 

13- 

J 


Vcc " 8 





GND = 



Vcc “ 16 
GND°8 







Additional Products: 

• Digital Multiplexers 

• Four Bit Comparators 

• Decade Counters 

• Up/Down Counters 

• Quad D Flip Flops 

• AND-OR-Invert Gates 

• Dual, Triple and Quad Gates 
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Bipolar Interface Logic 
Electrical Summary Data 





Type C* 


Parameter 

Definition (Vcc ^ +12V ±1V) 

Test Conditions 



-30° 

C<Ta<+85°C 


Vcc 


Supply Voltage 

13V max 

12V nominal 

11V min 

(Voltage for other tests — see below) 

ViNL 


Input Threshold Voltage, Low 

5.0V min 

Guaranteed input low threshold for 
all inputs except 311 T 2 = 

4.8V min @ 15V 

ViNH 


Input Threshold Voltage, High 

6.5V max 

Guaranteed input high threshold for 
all inputs except 311 S&R inputs == 





7.0V max 

IlNL 


Input Current, Low; 1 Unit Load (UL) 2.1 mA max 

At Vcc max with Vin = Vql 

IlNH 


Input Leakage Current; 1 Unit 

Load (UL) 

10 ixA max 

At Vcc = max with Vin = Vcc max 

Imax 

382 

Output High Breakdown Current 
(Open Collector Devices) 

2 mA max 

VcEX = +65V 

VoL 


Output Low Voltage (see Loading 


lOL = F.O. X UL at Vcc min with 



Table on Data Sheet) 

1.5V max 

ViNL = 5.0V and Vinh = 6.5V 

VOL 

302 

Output Low Voltage 

.4V max 

IOL = 16 mA (10 TTL UL) 


323 

(Open Collector Devices) 

.4V max 

IOL = 6.4 mA (4 TTL UL) 


332 


.4V max 

Iol = 6.4 mA (4 TTL UL) 


334 


.4V max 

Iol = 6.4 mA (4TTLUL) 


380 


1.2V max 

lOL = 30 mA 


382 


2.5V max 

lOL = 7 mA 


383 


.7V max 

lOL = 20 mA (100% Duty Cycle) 


383 


1.2V max 

lOL = 40 mA (50% Duty Cycle) 

VOH 


Output High Voltage of all Devices 


At Vcc min, Vinl = 5.0V, Vinh = 6.5V: 



Without Open Collector Except 

362 and 396 

10.0V min 

IOH = F.O. X UL 

1 Vmax 302,323 

Output High Breakdown Voltage 

13.0V min 

Imax = 4 mA 


332,334 

(Open Collector Devices) 

20.0V min 

Imax = 4 mA 


380 


24.0V min 

Imax = 0.5 mA 


381 


15.0V min 

Imax = 0.5 mA 


390-395 


30.0V min 


VOHL 


Output High Voltage, Loaded, of 


At Vcc nominal, Vinl = 5.0V, 



Active Pullup Devices Except 


Vinh = 6.5V; Ioh = -5 mA (except 



362 and 306 

7.0V min 

-15 mAfor301 and -12 mAfor 350,351 

ICEX 

302,323,307 

Output High Leakage Current 

25 fiA max 

VcEX = Vcc max 


332,334 

(Open Collector Devices) 

25juA max 

VcEX = Vcc max 


380,381 


25 fxA max 

VcEX = Vcc max 


382 


50 juA max 

VcEX = +55V 


383 


25 nA max 

VcEX = Vcc max 


390-395 


100 fxA max 

VcEX = 30V 

1 “0” N.l. 

Zero State Noise Immunity 

3.5V min 

Guaranteed zero state noise 





immunity across temp range and 
Vcc±1V. Vinl-V oL 

“1" N. 

1. 

One State Noise Immunity 

3.5V min 

Guaranteed one state noise immunity 
across temp range and Vcc ± IV. 

VoH — Vinh 


Notes: F.O. is fanout in unit ioads (UL). Unit ioadings are given in the pin tabies on the individual data sheets. A unit load for High Noise Immunity 
Logic is defined by the above input specifications. 

See individual data sheets for additional specifications. 


‘Military spec Type B (Vcc = 12V) and Type M (Vcc = 15V) are available to meet -55®C to +125®C temperature requirements. Available in 
ceramic package only. See ordering data. 
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Electrical Summary Data (Continued) 


Absolute Maximum Ratings 

L Package, Ceramic 

J Package, Plastic 

Storage Temperature 

-65“Cto +150“C 

-55“Cto+100“C 

Lead Temperature (1/16 inch from case, 10 sec max) 

300“ C 

300“ C 

1 Continuous Supply Voltage I 

Type C*. B* 

+15.0V 

+15.0V 

Type A*, M* 

+16.5V 

+16.5V 

Pulsed Supply Voltage (less than 100 msec) 

+18.0V 

+18.0V 

1 Input Voltage (any input) I 

Type C*, B* 

-0.5 to +15V 

-0.5 to +15V 

Type A*, M* 

-0.5 to +18V 

-0.5 to +18V 

1 Surge Sink Current (less than 100 msec at 25“C Ta) 

Standard Outputs 

20mA 

20mA 

301, 302 and 303 

100mA 

100mA 

306, 307, 332 through 335, 350, 351, 380, 381, 383 

35mA 

35mA 

390-395 

300mA 

__ 

355 

150mA 

150mA 

Expander Input Currents 

-0.5 to +0.5mA 

-0.5 to +0.5mA 


Note: Exceeding the absolute maximum ratings may cause permanent damage. Function of HiNlL devices at the absolute maximum ratings or beyond 
the conditions guaranteed is not implied. 


Digital Logic — 300 Series Ordering Information 

PACKAGED DEVICES TSC XXX X X 

1. TELEDYNE SEMICONDUCTOR DEVICE_ ^ 

2. DEVICE NUMBER ............J 

3. ELECTRICAL GRADE AND TEMPERATURE RANGE . .-J 

A - Industrial Temperature Range, 15 V, (-30 to +70°C) 

C - Industrial Temperature Range, 12 V, (-30 to +85°C) 

4. PACKAGE TYPE__ 

L - Ceramic Package (CerDIP) 

EXAMPLE: 303AL Operates Over an Industrial Temperature Range at 15 V and is a CerDIP Package 


Product List — Digital Logic 

301 Power NAND Gates Dual 5-Input 

302 Power NAND Gates Quad 2-Input 

303 Power NAND Gates Quad 2-Input 

304 Power NAND Gates Triple 4, 3, 4-Input 

306 NOR Gate Quad 2, 2, 3, 3-Input 

307 NOR Gate Quad 2, 2, 3, 3-Input 

311 Flip Flops Master/Slave RST 

312 Flip Flops DualJ-K Edge Triggered 

313 Flip Flops Dual J-K Master/Slave 

321 NAND Gates Quad 2-Input 

322 NAND Gates Dual 5-Input 

323 NAND Gates Quad 2-Input 

324 NAND Gates Quad 2-Input 

325 NAND Gates 2,2,3,3-Input 

326 NAND Gates 2,2,3,3-Input 

331 Gate Expander Dual 5-Input 

332 Hex Inverter Gates 4-Inverter, 2-NAND 

333 Hex Inverter Gates 4-Inverter, 2-NAND 

334 Hex Inverter Gates Strobed Hex NAND 

335 Hex Inverter Gates Strobed Hex NAND 

341 Multifunction Gates Dual 2-Wide, 2-Input 
and/or Invert 

342 Dual Monostable Multivibrator 

343 Digital Comparator 4-Bit 

344 Multifunction Gates Dual Expandable AND-NOR 
347 Dual Retriggerable Monostable Multivibrator 


350 Multiplexers 8-Bit 

351 Multiplexers Dual 4-Bit 
355 Timer 

361 Dual 11-16V to 5V Interface Voltage Translator 

362 5V to 11-16V Interface Dual Translator 

363 5V to 11-16V Interface Quad 2-Input NAND 

367 Schmitt Trigger Quad(Active Pullup) 

368 Schmitt Trigger Quadjopen Collector) 

370 Flip Flop Quad D 

371 Counters Decade 

372 Counters Hexadecimal 

373 Up-Down Counters Decade 

374 Up-Down Counters Hexadecimal 

375 Shift Register 4-Bit 

380 BCD-to-Decade Decoder/Drivers Lamp Driver 

381 BCD-to-Decade Decoder/Drivers Logic Driver 

382 BCD-to-Decade Decoder/Drivers Gas Tube Driver 

383 Decoder/Driver BCD-to-7 Segment 

390 Dual Interface Buffers 4-Input Expandable AND 

391 Dual Interface Buffers 2-Input AND 

392 Dual Interface Buffers 2-Input NAND 

393 Dual Interface Buffers 2-Input OR 

394 Dual Interface Buffers 2-Input NOR 

395 Dual Interface Buffers 4-Input Expandable NAND 

396 Line Driver/Receiver Dual Differential 
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Bipolar Interface Logic 


Input Current Requirements 


Device 

Number 

Iinl @Vcc = 12V 
and 

V|L = 1.5V (mA) 

I,nl@Vcc = 15V 
and 

V|L = 1.5V (mA) 

l|NH @ Vcc - 12 

V|NH = Vcc (l 

301 

2.1 

2.6 

10 

302 

2.1 

2.6 

10 

303 

2.1 

2.6 

10 

304 

2.1 

2.6 

10 

306 

1.3 

1.6 

10 

307 

1.3 

1.6 

10 

311 

2.1-4.2 

2.6-5.2 

10-20 

312 

2.1-4.2 

2.6-5.2 

10-20 

313 

2.1-4.2 

2.6-6.2 

10-20 

321 

2.1 

2.6 

10 

322 

2.1 

2.6 

10 

323 

2.1 

2.6 

10 

324 

2.1 

2.6 

10 

325 

2.1 

2.6 

10 

326 

2.1 

2.6 

10 

332 

2.1 

2.6 

10 

333 

2.1 

2.6 

10 

334 

2.1 

2.6 

10 

335 

2.1 

2.6 

10 

341 

2.1 

2.6 

10 

342 

2.1 

2.6 

10 

343 

2.1-4.2 

2.6-5.2 

10-20 

347 

2.1-4.2 

2.6-5.2 

10-20 

349 

2.1 

2.6 

10 

350 

2.1 

2.6 

10 

351 

2.1 

2.6 

10 

355 

0.01 

0.01 

10 

361 

2.1 

2.6 

10 

362 

0.47 

0.47 

10 

363 

1.6 

1.6 

10 

367 

2.1 

2.6 

40 

368 

2.1 

2.6 

40 

370 

2.1-4.2 

2.6-5.2 

10-20 

371 

2.1-4.2 

2.6-6.2 

10-20 

372 

2.1-4.2 

2.6-6.2 

10-20 

373 

2.1 

2.6 

10 

374 

2.1 

2.6 

10 

375 

2.1 

2.6 

10 

380 

2.1 

2.6 

10 

381 

2.1 

2.6 

10 

382 

2.1 

2.6 

10 

383 

2.1-6.3 

2.6-7.8 

10-30 

390 

0.7 

1.0 

10 

391 

0.7 

1.0 

10 

392 

0.7 

1.0 

10 

393 

0.7 

1.0 

10 

394 

0.7 

1.0 

10 

395 

0.7 

1.0 

10 

396 

0.4 

1.0 

10 


Notes; 

1. If there are several types of inputs on a device, then the currents iisted above are the range of values for the various inputs. 
Check the individual data sheets to determine what the input current requirements are for each input. 

2. A unit load is defined as Iinl @ ^ 2 ^/ = 2.1mA max, Iinl @ 16V = 2.6mA max and Iinh - lOjuA max at 12 or 16V. 

3. CMOS operated at 12 or 15V can be used to drive these devices even if the Vol rating of the CMOS device does not appear to 
give enough sink current. This is possible since the 300 series of devices has input low rated at <5V instead of 0.8V as is 
common with TTL parts. The result is the CMOS output will be operated at a Vol iarger than is typical for CMOS or TTL 
systems. 
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Bipolar Interface Logic 


Output Sink Current vs. Output Voltage 


Device 

Number 

VoL (V) 

ioL (mA) 

Device 

Number 

VoL (V) 

lot (mA) 

301 

1.5 

42 

350 

1.5 

16 

302 

.4 

42 

351 

1.5 

16 

303 

.4 

42 

355 

2.0 

75 

304 

.4 

42 

361 

.4 

10 

306 

1.5 

18 

362 

.4 

10 

307 

.4 

10 

363 

.4 

30 

311 

1.5 

12 

367 

1.5 

10 

312 

1.5 

10 

368 

.4 

10 

313 

1.5 

10 

370 

.4 

10 

321 

1.5 

10 

371 

.4 

10 

322 

1.5 

10 

372 

.4 

10 

323 

.4 

10 

373 

1.5 

10 

324 

.4 

10 i 

374 

1.5 

10 

325 

1.5 

10 

375 

1.5 

6 

326 

.4 

10 

380 

.4 

20 

332 

.4 

10 

381 

.4 

10 

333 

.4 

10 

382 

2.5 

7 

334 

.4 

10 

383 

.7 

20 

335 

.4 

10 

390 

.7 

250 

341 

1.5 

10 

391 

.7 

250 

342 

1.5 

10 

392 

.7 

250 

343 

1.5 

10 

393 

.7 

250 




394 

.7 

250 

347 

1.5 

10 

395 

.7 

250 

349 

1.5 

10 

396 

1.5 

12 
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Bipolar Interface Logic 


Power Supply Current and Delay Times 


Device 

Number 

ICC 

13V 

(mA) 

16V 

Delay Time 50% to 50% Points 

(Worst Case) 

Low to High to 

High (ns) Low (ns) 

301 

48 

68 

340 

400 

302 

40 

60 

600 

240 

303 

49 

70 

600 

240 

304 

49 

70 

600 

240 

306 

34 

40 

600 

100 

307 

34 

40 

600 

100 

311 

18 

25 

820 

610 

312 

30 

40 

300 

230 

313 

30 

40 

300 

230 

321 

15 

20 

300 

200 

322 

8 

11 

550 

190 

323 

5.5 

8 

400 

160 

324 

28 

40 

600 

200 

325 

15 

20 

300 

200 

326 

28 

40 

600 

200 

332 

28 

42 

350 

140 

333 

42 

60 

350 

140 

334 

28 

42 

350 

140 

335 

42 

60 

350 

140 

341 

11 

15 

410 

150 

342 

17 

23 

260 

160 

343 

42 

56 

1000 

1000 

344 

11 

15 

600 

200 

347 

40 

50 

650 

750 

350 

33 

40 

400 

250 

351 

33 

40 

400 

250 

361 

8 

11 

325 

230 

362 

10 

13 

400 

160 

363 

51 

64 

600 

240 

367 

36 

54 

400 

300 

368 

33 

50 

600 

340 

370 

38 

48 

750 

750 

371 

41 

53 

800 

300 

372 

41 

53 

800 

300 

373 

50 

55 

1 mHz 

Toggle 

374 

50 

55 

1 mHz 

Toggle 

375 

48 

64 

600 

550 

380 

24 

31 

500 

400 

381 

30 

38 

500 

400 

382 

24 

31 

— 

— 

383 

24 

31 

— 

— 

390 

38 

40 

500 

200 

391 

38 

40 

500 

200 

392 

38 

40 

500 

200 

393 

38 

40 

500 

200 

394 

38 

40 

500 

200 

395 

38 

40 

500 

200 

396 

23 

25 

650 

80 
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Bipolar Interface Logic 


Pin-Out Guide 


301 DUAL FIVE INPUT POWER NAND GATE 
(ACTIVE PULL-UP) 

I CC “ 48 mA (301C), 68 mA (301 A) 


: QUAD TWO INPUT POWER GATE 
(OPEN COLLECTOR) 

Ice “ 40 mA (3020. 60 mA (302A) 

1 uL 1 UL 1 UL 28UL(C) ^ , 
1 UL 1 UL 1 UL 23 UL (A) ' ' 


QUAD TWO INPUT POWER GATE 
(PASSIVE PULL-UP) 

Ice ■ 49 mA (3030, 70 mA (303A) 



311 MASTER/SLAVE FLIP-FLOP 
(ACTIVE PULL-UP) 

Ice = 18 mA (311 e) 25 mA (311 A) 

1 UL 5 UL 1 UL 1 UL 5 UL 


312 DUAL J-K FLIP-FLOP 
(AOTIVE PULL-UP) 

ICC = 30 m A (3120 40 mA (312A) 

2 UL 5 UL 1 UL 1 UL 1 UL 5 UL 2 UL 


313 DUAL J-K FLIP-FLOP 
(AOTIVE PULL-UP) 

Ice = 30 mA (3120) 40 mA (312A) 

2UL SUL 1UL 1 UL 1 UL SUL 2UL 



1 UL 1 UL 1 UL 2 UL 1 UL 1 UL 1 UL 


2 UL S UL 1 UL 1 UL 1 UL 5 UL 2 UL 


2 UL 5 UL 1 UL 1 UL 1 UL S UL 2 UL 


321 QUAD TWO INPUT NAND GATE 
(ACTIVE PULL-UP) 

Ice = 15 mA (3210), 20 mA (321 A) 

1 UL 1 UL 5 UL 1 UL 1 UL 5 UL 


322 DUAL FIVE INPUT NAND GATE 
(AOTIVE PULL-UP) 

• ee = 8 mA (3220), 11 mA (322A) 

5 UL 1 UL 1 UL 1 UL 1 UL 1 UL 


323 QUAD TWO INPUT NAND GATE 
(OPEN COLLEOTOR) 

Ice = 5 5 mA (3230), 8 mA (323A) 

1 UL 1 UL S UL 1 UL 1 UL 5 UL 



5 UL 1 UL 1 UL S UL 


1 UL 1 UL 1 UL 1 UL 1 UL 


5 UL 1 UL 1 UL 5 UL 


1 UL 1 UL 
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Pin-Out Guide 


324 QUAD TWO INPUT NAND GATE 
(PASSIVE PULL-UP) 

Ice = 28 mA (324C), 40 mA (324A) 

1 UL 1 UL 5 UL 1 UL 1 UL 5 UL 


325 2. 2. 3, 3-INPUT NAND GATE 
(ACTIVE PULL-UP) 

Ice = 15 mA (3250, 20 mA (325A) 

1 UL 1 UL 1 UL 5 UL 1 UL 1 UL 5 UL 


326 2, 2, 3. 3 INPUT NAND GATE 
(PASSIVE PULL-UP) 

Ice = 28 mA (3260, 40 mA (326A) 

1 UL 1 UL 1 UL 5UL 1 UL 1 UL SUL 



5 UL 1 UL 1 UL 5 UL 


5 UL 1 UL 1 UL 5 UL 1 UL 1 UL 


5 UL 1 UL 1 UL 5 UL 1 UL 1 UL 1 UL 


331 DUAL FIVE INPUT GATE EXPANDER 
Ice = 4.2 mA (3310, 5.2 mA (331 A) 


332 HEX INVERTER GATE 
(OPEN COLLECTOR) 

Ice = 28 mA (3320, 42 mA (332A) 


333 HEX INVERTER GATE 

(PASSIVE PULL-UP) 

Ice = 42 mA (3330, 60 mA (333A) 



334 STROBED HEX INVERTER GATE 
(OPEN-COLLECTOR) 

Ice = 28 mA (3340, 42 mA (334A) 

2 UL 1 UL 7 UL 1 UL 7 UL 1 UL 


335 STROBED HEX INVERTER GATE 
(PASSIVE PULL-UP) 

Ice = 42 mA (3350, 60 mA (335A) 

2 UL 1 UL 5 UL 1 UL 5 UL 1 UL 5 UL 


341 DUAL 2-WIDE, 2 INPUT ANOOR-INVERT GATE 
(ACTIVE PULL-UP) 

Ice = 11 mA (3410, 15 mA (341 A) 

5 UL 1 UL 1 UL 1 UL 1 UL 



342 DUAL MONOSTABLE MULTIVIBRATOR 
(ACTIVE PULL-UP) 

Ice = 17 mA (3420, 23 mA (342A) 

SUL S UL 1 UL 



■MDIOIDIOIDIMOl 


Q, D, C, Q, A, X, GND 
SUL S UL 1 UL 


343 FOUR BIT COMPARATOR 
(ACTIVE PULL-UP) 

Ice = 42 mA (3430, 56 mA (343A) 


INPUTS 



V_ ^ _ , V__; GND 

INPUTS OUTPUTS 

1 UL 1 UL 1 UL 1 UL S UL S UL 5 UL 
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PIn-Out Guide 


347 DUAL RETRIGGERABLE MONOSTABLE 
(ACTIVE PULL-UP) 


HIdIdIdIudiiiidi 


msM 

iniHiBiBiHiBiBiffl 


349 DUAL RETRIGGERABLE PULSE STRETCHER 
(ACTIVE PULL-UP) 
lec" 40 mA (3490 , 50 mA (349A) 

1 UL 1 UL 2 UL B_UL 

Vgc IN2 R R/Cii Riwt 2 0* Qa 


imlDlDlDlDlDlQlDl 


350 EIGHT BIT MULTIPLEXER 
(ACTIVE PULL-UP) 

Ice “ 33 mA (3500, 40 mA (3B0A) 

1 UL 1 UL 1 UL 1 UL 1 UL 1 UL 1 UL 

VCC 04 06 De 07 Sq Si S2 



• I',, ri R/Ci Riwt 0i 0i QND 

1 UL 1 UL 2 UL 5UL BUL 


OBOiniOIOlDBOlOl 


D1 oo Q 0 El^L QND 

1UL 1UL 1UL 1UL SUL SUL 1 UL 


351 DUAL FOUR BIT MULTIPLEXER 
(ACTIVE PULL-UP) 

Ice " 33 mA (3510, 40 mA (351 A) 

1 UL 1 UL 1 UL 1 UL 1 UL 1 UL 1 UL 





- iigiU QND 

1 UL 1UL 1 UL 1 UL SUL SUL 1 UL 


355 TIMER 

Ice " 20 mA 


DISCHARGE CONTROL 
Vec I THRESHOLD | 








361 DUAL INPUT INTERFACE 
(PASSIVE PULL-UP) 
lec"8f«A (3610, 11 mA (361 A) 
TTL RTt 

^CC ^CC 2 ^CC2 °2 '2 *^'2 



362 DUAL OUTPUT INTERFACE 
(ACTIVE PULL-UP) 

Ice " 10 mA (3620, 13 mA (362A) 

RTL TTL RTL TTL 


363 QUAD OUTPUT INTERFACE 
(PASSIVE PULL-UP) 
lec “ 51 mA (3630, 64 mA (363A) 


367 QUAD SCHMITT TRIGGER 
(ACTIVE PULL-UP) 

Ice * 36 mA (3670, 54 mA (367A) 
BUL BUL 



iaiBiiiioiaiiiiDiiii 



IIIIOIIIIBIDIDIDI 



|ll|0|Dia|D|D|D|D| 


RTL TTL RTC TTL 


At 01 02 

5UL 6UL 


368 QUAD SCHMITT TRIGGER 
(OPEN COLLECTOR) 

Ice ■ 33 mA (3680, 50 mA (368A) 


370 QUAD D FLIP-FLOP 
(PASSIVE PULL-UP) 

Ice ’ 38 mA (370e), 48 mA (370A) 

5 UL 6 UL 2 UL 2 UL 5 UL 5 UL 


371 DECADE COUNTER 
(PASSIVE PULL-UP) 

Ice “ 41 mA (3710, 53 mA (371 A) 

2 UL S UL 1 UL 5 UL 1 UL 2 UL 



Ai 01 02 

5UL BUL 


1UL SUL BUL 2UL 2UL BUL BUL 


1 UL B UL 1 UL B UL 
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Pin-Out Guide 


372 HEXADECIMAL COUNTER 
(PASSIVE PULL-UP) 

IqC = 41 mA (3720, 53 mA (372A) 

2 UL 5 UL 1 UL 5 UL 1 UL 2 UL 


373 DECADE UP-DOWN COUNTER 

lcc= 50 mA (3730 , 55 mA (373A) 


1 UL 1 UL ! 
COUNT COUNT 
Vcc DOWN UP 


374 HEXADECIMAL UP-DOWN COUNTER 
lcc= 50 mA (3740 , 55 mA (373A) 

1 UL 1 UL 5UL 1 UL 1 UL 5 UL 1 UL 
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Pin-Out Guide 

391 DUAL 2 INPUT POWER AND 

Ice = 40 mA 

392 DUAL 2 INPUT POWER NAND 

Ice = 40 mA 

393 DUAL 2 INPUT POWER OR 

Ice = 40 mA 


394 DUAL 2 INPUT POWER NOR 
Ice = 40 mA 


395 DUAL 4 INPUT POWER NAND 
Ice = 40 mA 


396 DUAL DIFF. LINE DRIVER/RECEIVER 
lee “ 25 mA 


IDIDIDIBI 


IDIDIBinilBlDlill 


igiBUqiBlQiniilllll 
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INTERFACING THE 8700 A/D CONVERTER WITH THE 8080 ixP SYSTEM 


The growth of microcomputers has included an expansion into 
process monitoring and control systems, as well as other 
application^ requiring interaction with 'Teal world" physical 
variables. At the same time> advances in semiconductor 
technology have allowed complex data conversion functions 
(A/D, D/A, V/F, etc.) to be performed by small and 
inexpensive IC's. By integrating these monolithic converter 
circuits into his microcomputer system, the designer thus can 
retain the same low cost and small size advantages which make 
the microprocessor so attractive. 

In particular, the popular Intel 8080A microprocessor and 
Teledyne Semiconductor's 8700 series analog-to-digital 
converters are well suited to such a combination. This paper 
describes the basic techniques for interfacing the two, as well 
as ways to handle some more sophisticated situations. 



THE 8700 A/D CONVERTER 

Teledyne Semiconductor's 8700 series is a family of 
monolithic CMOS analog-to-digital converter IC's. All versions 
- the 8700 8-bit, 8701 10-bit and 8702 12-bit - are 
integrating converters which can accept an unlimited input 
voltage range (changed to a current Input by external scaling 
resistor) and provide a latched parallel binary digital output. 
All are available in 24-pin ceramic DIP, and the 8-bit version is 
also offered in a low-cost 24-pin plastic package. As may be 
seen from the block diagram (Fig. 1), each device contains all 
of the essentipl elements for a complete A/D converter; only 
minimal support components are needed! 

In addition to the 8, 10 or 12 buffered data output lines, three 
handshaking signals are provided to ease the interface to the 
host system. All outputs are CMOS and LPTTL compatible. 
The DATA VALID output signal is normally high, indicating 
that the data in the output latches is valid, for the entire cycle 
except for approximately Sfis before the end of the 
conversion, when the data is being updated. Notice that the 
latches maintain the data from the previous conversion even 
while the next conversion is being performed. A second 
output, BUSY, is high whenever a conversion is being 
performed. Finally, an input to the device, INITIATE 
CONVERSION, allows the function to be operated under 
system control. A positive-going pulse of at least 500ns 
duration causes the conversion to begin. If this input is tied 
high, the conversion will occur in a free-running mode at 
approximately 800 conversions per second for the 8700 (200 
conv/sec for the 8701 and 50 conv/sec for the 8702). 

Since the 8700 series devices operate from t5V and -5V 
supplies, they are particularly easy to interface with the 
8080A microprocessor system. Fig. 2 shows a possible 
hook-up for the 8700's analog inputs and power supply; also 



8700 

A/D 


r«OIGITSOUT valu 


Figure 2. 8700 Analog Input and Power Supply Hook-up Circuits, 
Including Vref Derived from 8080A System 
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incorporated is a circuit to supply the necessary negative 
reference, using a temperature-compensated zener diode and 
an inverting op amp. Note that the ±5V supplies needed for 
the 8700, as well as the additional +12V used in the reference 
circuit, are all available from the 8080A system. 

In order to simplify the hardware and software for illustrative 
purposes, this paper concentrates on interfacing the 8-bit 8700 
converter and the 8-bit 8080A microprocessor system. The 
same principles apply to inter-connecting the 8080A with the 
higher-resolution 8701 and 8702 A/D converters. 

THE 8080A MICROPROCESSOR 

The 8080A, an 8-bit microprocessor, communicates within the 
microcomputer system over two buses, a 16-bit address bus 
and an 8-bit data bus. During each machine cycle the current 
contents of the program counter are sent out over the address 
bus; the memory receives the address and returns the contents 
of the selected memory location to the 8080A via the data 
bus. During an instruction fetch cycle, the returning data is 
interpreted as an instruction. 

Communications between the microcomputer and the outside 
world are via Input/Output (I/O) ports addressed by the 
address bus. I/O instructions utilize 8-bit addresses; the port 
address is duplicated on both the low order address lines and 
the high order address lines of the address bus. 

In addition to the address and data buses, the 8080A 
communicates with the memory and I/O ports__via a set of 
control signals. In particular two control lines, INjnd OUT, 
are used to enable the I/O ports. A logic 0 on the IN line will 


enable the Input port that corresponds to the address on the 
address bus at that time. The OUT line functions in a similar 
fashion. 

THE BASIC 8700 I/O PORT 

A basic approach to interfacing the 8080A and the 8700 8-bit 
A/D converter is shown in Fig. 3. The conversion is started on 
command of the 8080A, using the INITIATE CONVERSION 
input of the 8700. When the conversion is complete, the 
DATA VALID output of the A/D requests an interrupt; the 
interrupt service routine transfers the current data from the 
working registers to the stack memory, and the A/D input port 
is read. A control signal then is sent to the INITIATE 
CONVERSION input to restart the conversion, and the main 
program activity is resumed. 

It is assumed that the data bus will be shared by many devices, 
both in the ports and in memory, and that inverting 
drivers/receivers (such as 8228) will be included in the 8080A 
system to service this bus. Therefore, 80L98 buffers have been 
provided at the 8700 to drive an inverted input over the data 
bus, as well as to provide a three-state function, electrically 
removing the A/D from the bus when its input port has not 
been selected. (For applications where inverted signal and high 
bus-driving capability are not needed. Teledyne is offering a 
version of the 8700 with three-state outputs.) 

Each port of the system is assigned an address by virtue of the 
way the address bus is decoded to select the port. In the basic 
input port of Fig. 3, the output of the 7430 gate is low only 
when all of its inputs are high. This corresponds to address 

FFh. 



Figure 3. Basic 8700/8080A Interface 
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f INITIATION 

MVI 


ITHE CONVERSION 

OUT 

WfH 

MS INITIATED 

MVI 

k» 0 

fSY SENDING A 

OUT 

0FFH 

j BRIEF PULSE 

I TO PORT FF 

1 INTERRUPT 

PUSH 

3 

ITHE PROCESSOR 

PUSH 

D 

I REGISTERS AND 

PUSH 

H 

1 STATUS ARE SAVED 

PUSH 

PSW 

MN THE STACK# AND THE 

IN 

0FFH 

IDATA IS READ AND 

MOV 

S«A 

1 STORED IN REQ B. 

MVI 

A«30H 

ITHE CONVERSION IS 

OUT 

0FFH 

1 INITIATED AND 

MVI 

Ai 0 

ITHE DATA IS 

OUT 

0FFH 

1 PROCESSED. 

POP 

PSV 

IWHEN COMPLETE# 

POP 

H 

ITHE REGISTERS 

POP 

D 

lARE RESTORED# THE 

POP 

B 

1 INTERRUPTS ENABLED 

RET 


lAND PROGRAM 


JCONTROL RETURNED 

Figure 3A ;to the main program. 

To initiate a conversion in the A/D, an output port, also 
address FFh, is used. By defining both the input and output 
ports as address FFh, the same address decoder, the 7430, 
may be used f or bo th functions. In this case the output of the 
7430 and the OUT signal are gated by 7402 to clock half of a 
74C74 flip-flop. The D input of the flip-flop is tied to the Dy 
line of the data bus. The flip-flop is, in effect, a one-bit output 
port. S ending the data word 80 h to port FFh with an output 
(OUT) instruction will cause the flip-flop to be set, thus 
supplying an INITIATE CONVERSION signal to the 8700. A 
second output instruction, sending OOh to the same port, will 
reset the flip-flop and remove the INITIATE CONVERSION 
signal. Since an output instruction requires ten O.S/isec clock 
cycles to execute, the INITIATE conversion pulse will be 
approximately 5/xsec long. After beginning the conversion 
process by the double output instructions, the 8080A is free 
to perform other processing operations. 

When the 8700 completes its conversion cycle and latches the 
result onto its internal output latches, the DATA VALID 
output goes high. This triggers the other half of the 74C74 
flip-flop, clocking a logic one from the D input (tied high) 
onto the INTERRUPT REQUEST line. The result Is that the 
microprocessor is interrupted when the conversion is 
complete. The interrupt service routine (See Fig. 3A) saves the 
CPU's working register contents by pushing them onto the 
stack and then reads the output of the 8700. 

To read the 8700 input port, it is necessary to supply the 
address of port FFh on the address bus_while simultaneously 
sending out a logic zero on the IN control line. The 
combination of the 7430 and 7402 gates supplies a logic zero 
to the enabling input of the 80L98 three-state buffers on the 
outputs of the 8700 and to the cleat input of the 74C74 
flip-flop on the INTERRUPT line; this puts the 8700 data on 
the data bus and removes the interrupt request. 

After reading the converter data and saving it in one of the 
registers, the system again pulses the INITIATE 
CONVERSION input to start the next conversion, restores the 
stack with a series of POP instructions, and resets the internal 
interrupt-enable flip-flop. Thus the 8080A only reads the 8700 
when the new information becomes available; the rest of the 
time is spent in processing activities. 


HANDLING MULTIPLE A/D CONVERTERS 

When multiple analog inputs are involved, conventional system 
designs have tended to use an analog multiplexer feeding a 
single high-speed A/D converter. With the increasing 
availability of low-cost converter IC's, the approach of using a 
separate A/D for each analog line becomes more attractive. 
Fig. 4 illustrates a system of eight 8700 converters all 
supplying data in parallel to an 8080A system. 

The system illustrated in Fig. 4 contains many of the same 
elements as the basic input port of Fig. 3. As before, the data 
outputs of the 8700s are buffered with 80L98 three-state 
buffers to drive the bus and to allow them to be disconnected. 
The decoding circuitry is slightly more complex. The five 
high-order address lines form the inputs to a 7430 gate which 
is used to enable a 7442 BCD to decimal decoder. The 7442 
performs the final decoding by selecting the appropriate 8700 
whenever an INPUT instruction is executed to one of the 
output ports F8 h to FFh- Also, the 8700s have their INITIATE 
CONVERSION inputs tied high so the devices operate in the 
free-running mode. 

The interrupt scheme in this system is far more versatile than 
that previously illustrated. The user may assign priorities to 
each of the input ports, so that if one port has already 
interrupted the system and is being serviced, only a higher 
priority port can interrupt it. Lower priority interrupts will be 
delayed until the first port has been serviced. 

Each of the eight interrupt input ports is constructed of a 
74L74 flip-flop with its D inputs wired high. Each flip-flop is 
clocked independently by lines from the appropriate 8700 
DATA VALID output, tran_sferring the logic one on the D 
input to t he Q outp ut. The Q output of each flip-flop is gated 
onto the INT REQ line producing an interrupt whenever one 
of the 8700's completes its cycle. The Q outputs of the 
flip-flops are buffered by the 8098 and tied to the data bus; 
this buffer is enabled by a 7430 and 7400 gates to respond to 
the INPUT instruction at address 7 Fh. The 8080A thus can 
determine which flip-flop has caused the interrupt and which 
of the 8700s has completed its conversion cycle. 

The interrupt service routine (See Fig. 4A) saves the contents 
of the working registers with a series of PUSH instructions, 
and then proceeds to determine which po rt caused the 
interrupt. This is done with an input (IN) instruction to 
address 7 Fh, which loads the status of the DATA VALID 
outputs from the 8098 into the accumulator. Here the word 
can be tested, bit by bit, until a logic one is found. This is then 
converted to the address of the correct 8700 input port and 
that port read with an input instruction. At the conclusion of 
the service routine, the flip-flop is reset by sending a zero to 
the appropriate bit position of the output port 7 Fh which 
shares the same decoding circuitry as the input status port. 
Finally the stack is restored, and the interna! interrupt enable 
flip-flop is reset. 

There is nothing to prevent one of the 8700s from completing 
its conversion cycle and sending out a DATA VALID signal at 
the very time that another 8700 port has caused an interrupt 
and is in the process of being read. If this occurs, the flip-flop 
tied to the second port will be set and an additional interrupt 
signal generated. This will have no effect, however, since the 
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JTHIS IS A PROGRAM FOR RESPONDING 
ITO AND SERVICING EIGHT INTERRUPTING 
.•INPUT PORTS ON A PRIORITY BASIS. 

POLLED: PUSH B ;SAVE PROCESSOR 

PUSH D JREGISTERS AND 

PUSH H ; STATUS. 

PUSH PSV 

IN 7FH TREAD INPUT PORT 

MVI D. 0 TTO FIND WHICH 

STC .‘CAUSED INTERRUPT. 

CMC TSET D TO ZERO 

JAND CARRY TO ZERO. 

.•DETERMINE WHICH 
D .‘PORT CAUSED INTERRUPT 

LOOPl ;BY rotating ACCUMULATOR 

.•LEFT AND TESTING 
JFOR PRESENCE OF 
.•CARRY. INCREMENT 
;D EACH TIME. 

H, STABL .‘LOAD H AND L WITH 

B. 3 .‘STARTING ADDRESS 

tOF JUMP TABLE AND 
.•B AND C WITH 3. 

B TADD B AND C TO 

D TH AND L. DECREMENT D 

L00P2 ;AND TEST FOR 

.•ZERO. EXIT LOOP 
.•BY TRANSFERRING 
JTO APPROPRIATE 
JJUMP COMMAND 
;IN JUMP TABLE. 


STABL: 

jMP 

ONE 

.•JUMP TABLE 


JMP 

TWO 

.•CONSISTING 01 


JMP 

THREE 

; 3-BYTE JUMP 


JMP 

FOUR 

.•INSTRUCTIONS 


JMP 

FIVE 



JMP 

SIX 



JMP 

SEVEN 



JMP 

EIGHT 




RSTR: POP PSW 

POP H 

POP D 

POP B 

RET 

ONE: IN 0F3H 

MOV B, A 

MVI 0FEH 

OUT 7FH 

El 


JMP 

RSTR 

IN 

0F9H 

MOV 

B. A 

MVI 

0FCH 

OUT 

7FH 

El 



.•RESTORE REGISTERS 
.•AND EXIT. 


.•THIS IS THE 
.•SERVICE ROUTINE 

;for port #I. 

;IT LOADS THE 
; PRIORITY MASK 
.‘WITH 111! 1110. 

;ENABLES INTERRUPTS 
.•AND PROCESSES 
.•DATA. AT CONCLUSION. 
.•THE PROGRAM JUMPS 
JTO RSTR. 

.•THIS IS THE 
JROUTINE FOR 
.•PORT #2. THE 
.•PRIORITY MASK 
JIS nil 1100 WHICH 
IKEEPS PORT #1 
iFROM INTERRUPTING. 


JMP RSTR 

.•THE BALANCE OF THE SERVICE ROUTINES 
.•ARE OMITTED FOR BREVITY. 



Figure 4A 
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8080A's internal-interrupt enable flip-flop is automatically 
disabled when the first interrupt is received, locking out any 
further interrupts. (This flip-flop must be reset with an El 
instruction, Enable Interrupts.) The first interrupt service 
routine ends with the resetting of the status flip-flop and the 
enabling of the internal interrupt enable flip-flop. This 
removes the source of the first interrupt, but the second status 
flip-flop now causes a new interrupt which must be serviced in 
turn. The 8080A will respond to each of the Input ports as 
they complete their cycles, even if several occur in a short 
period. 

So far we have assumed that each of the 8700 ports is of equal 
importance. When we wish to assign priorities to the ports, it Is 
only necessary to make a slight change in the program — no 
hardware changes are needed. This is done by holding the reset 
Inputs of selected data valid flip-flops low, which effectively 
serves to inhibit those ports from causing interrupts. The 
output port 7F accomplishes this by having Its latches loaded 
with a binary word called a priority mask. Each interrupt 
service routine begins by loading a different priority mask into 
the output port and resetting the internal enable interrupt 
flip-flop. For example, if the priority mask for port numbers 
is 11111100, port number 1 and 2 cannot interrupt the 
processing of port number 3 data; ports number 4 through 
number 8, however, can cause further interrupts. 

If it is necessary to guarantee that no data is ever lost, a slight 
modification places the conversion cycle under the control of 
the CPU. This is done by tying the reset inputs of the status 
flip-flops to the INITIATE CONVERSION inputs of the 
corresponding 8700's. The process of resetting the status 
flip-flop after the port has been read will cause the cycle to 
restart. This has the effect of holding the data on the output 
latches of the 8700's until it has been read. 

INCREASING THE THROUGHPUT 

If a great deal of data manipulation is to be done by the 
8080A or a large number of 8700 input ports are to be 
connected to the bus, it is possible to feed data to the system 
faster than it can be processed. If the analog inputs on some of 
the ports are changing slowly, additional logic can be added to 
increase the effective capacity of the system. This involves 
adding a latching output port with the same address as the 
8700 input port corresponding to it. (See Fig. 5) After the 
input port is read initially, an output instruction to the same 
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address causes the data to be duplicated in the 74175 latches. 
The open collector feature of the 9386 allows them to be 
collector-ORed; logic ones at all of their outputs signify that 
the data in the 8700 latches matches that in the output port. 
This condition means there has been no change in the analog 
Input voltage and there is no need to reprocess the data. If one 
of the bits of the 8700 does not match the corresponding bit 
in the 74175, a zero will be produced on the outputs of the 
9386. This will deliver a clock pulse to the 7474 status 
flip-flop which will in turn interrupt the 8080A. From this 
point the operation is similar to the system already discussed. 



Figure 5. Significant Change Interrupt for 8700 Input Port 
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RATIOMETRIC APPLICATIONS 


Variable Voltage 



31/2 DIGIT A/D WITH GAS DISCHARGE DISPLAY 


DISPLAY: BECKMAN SP 355 OR EQUIVALENT 
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OVERRANGE INDICATOR 


UNDERRANGE INDICATOR 
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ANALOG PEAK DETECTOR WITH DIGITAL HOLD 



DIGITAL 

OUTPUTS 


Analog peak detection is accomplished by repeatedly 
measuring the input signal with an A/D converter and com¬ 
paring the current reading with the previous reading. If the 
current reading is larger than the previous, the current 
reading is stored in the latch and becomes the new peak 
value. Since the peak is stored in a CMOS latch, the peak 
can be stored indefinitely. 


pulse to go through the 4001 NOR gate to the 4508 
memory. The new value is then stored and becomes the 
reference for subsequent readings. Each time the A/D has 
a value greater than that stored in the latch, the latch is up¬ 
dated with the larger peak. The system is reset by pulsing 
the 4508 reset pin high, causing the output to go to 0000 
0000 . 



The TELEDYNE 8700 A/D converter measures the analog 
input at a 1 KHz rate and computes the binary value of the 
input. After each 1ms measurement, the binary value is 
ched in the output of the A/D.This value is then presented 
to both the 4585 comparators and the 4508 8-bit latch. If 
the A/D’s value is greater than that of the 4508 memory, pin 
13 (A>B) of the 4585 goes high. This allows the strobe 


This system uses an 8-bit A/D to give 0.4% resolution. If 
greater resolution is required, the 8700 can be replaced by 
the 8701 (10-bit) for 0.1 % resolution or the 8702 (12-bit) for 
0.025% resolution. Since this will require 10 or 12 bits to be 
compared instead of 8, the memory and comparator need 
to be expanded by adding one additional 4508 and one 
4585. 


15 = 15 
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8-CHANNEL DATA ACQUISITION SYSTEM 


ANALOG 

INPUTS 



BIT 

0 

1 

2 

3 

4 

5 


7 


A 

8 

C 


DIGITAL 

DATA 

OUTPUTS 


ADDRESS 

OUTPUTS 


A low-cost data acquisition system with 8 inputs and 8 bits 
(0.4%) of resolution at the ouput can be built by using the 
TELEDYNE 8700 CMOS A/D converter and adding the 4051 
8 channei CMOS multiplexer and the 4024 binary counter. 

Each input is measured for 1ms, then the digital value Is 
placed in the output latch and remains for 1ms while the 
next input is being measured. After each 1ms measure¬ 
ment (conversion), the data valid line goes low for 5^s to 
indicate that the output latch is being updated. (The data 
must not be read during this period.) The negative edge of 
the data valid pulse is used to advance the binary counter 
by one. So after each conversion the 4051, via the 4024, 
automatically advances to the next input. The sampling se¬ 
quence is therefore Vi, V2,.-V7, Vo and then back to Vi. 
The 8700 resets itself for 2.5ijls after the data valid pulse so 
the analog switch has a total of 7.5^8 to settle down. This is 
more than adequate to assure that the A/D will ignore any 
switching transients. 

For the circuit shown, the input voltage range is limited by 
the4051 to ± 5 volts (Vqd. Vee)- If nnore input voltage range 


is needed, then Vss and Vee can be increased or the IMfl 
resistor can be replaced by individual resistors in front of 
each analog input. The exact value of each resistor is deter¬ 
mined by dividing the maximum input voltage by 5/xA. 
(R|N = Vmax 5/iA). 

The 950K and 100K resistor are used to provide an offset 
current of dfiA, allowing the analog input voltage to be 
negative as well as positive. If the input voltage does not 
go negative, then these two resistors can be deleted. 

By adding additional 405rs, the number of analog inputs 
can be increased in multiples of eight. The additional 
binary outputs of the 4024 are then simply decoded to con¬ 
trol the inhibit (1) input of each 4051. 


if three-state outputs are needed for interfacing to a data 
buss, then the 8700 can be replaced by the 8703. The 8703 
is identical to the 8700 except that the digital data outputs 
are three-state outputs controlled by pin 24 (ENABLE). 
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Rear Connector 


Front Connector 



Pin Numbers 


DIGITAL 

DATA 

OUTPUTS 


ADDRESS 

OUTPUTS 


> 

Z 

(b 


16-CHANNEL DATA ACQUISITION SYSTEM 





REDUCE TO 5.000 +.005 
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8700 PC BOARD METAL PATTERN 
PC BOARD FOR 1, 8, 16 CHANNEL DATA ACQUISITION SYSTEM 



Note: PC board can be ordered from Teledyne as part #8700PC. 
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CO 


ADDRESS 
INPUT/OUTPUT 


I? 

t! 


Vdd( + 5V) 


_DATA VALID 

ENABLE/IOOO’s DIGIT 
BUSY 

INITIATE CONVERSION 
GND 


DATA 

OUTPUTS 


11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

BITO 



13 - 

15 

14 
12 
10 

9 

8 

11 

5 
7 

6 
4 

A/D INPUT 
2 
1 
0 

3 - 


ANALOG 

INPUTS 


Vss(-5V) 


V-REF 

ANALOG GROUND 


COMPONENT SIDE 



PIN-OUT DATA FOR AN-9 

16 CHANNEL DATA ACQUISITION SYSTEM 



ASSEMBLY INFORMATION 

STANDARD TEST CIRCUIT 



A/D WITH 8-CHANNEL ANALOG INPUT SELECTOR 
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8-CHANNEL DATA ACQUISITION SYSTEM 
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PARTS LIST 

16 CHANNEL DATA ACQUISITION SYSTEM 


Ref# 

Part Number 

IC1,IC2 

4051 

!C3 

8700 TYPE 

IC4 

4024 

ICS 

4011 

Cl 

68pF ± 10% 

C2 

270pF ± 20% 

C3, C4,C5 

O.VF ± 20% 

R1 

* 953K ± 1% 

R2 

* 100K ± 10% 

R3 

* IMfi ± 1% 

R4 

lOOn ± 10% 

R5 

20K ± 10% 

R6 

100K ±5% 

R7 

IK ± 5% 

R8 

100K ± 10% 

R9 

* 20K ± 10% 

RIO 

* 243K ± 1 % 


Description 

CMOS — 8 CHANNEL ANALOG SWITCH 
CMOS -- TELEDYNE A/D CONVERTER 
CMOS - 7 bit BINARY COUNTER 
CMOS ~ QUAD 2-INPUT NAND GATE 

Low leakage mica, ceramic, etc. 

Ceramic, mica, etc. 

Ceramic, mylar, electrolytic, tantalum, etc. 

Carbon, carbon film, metal film, etc. 
Trimmer resistor 

Carbon, carbon film, metal film, etc. 

Carbon resistor 

Trimmer resistor 

Carbon resistor 

Carbon resistor 

Carbon resistor 

Trimmer resistor 

Carbon, carbon film, metal film, etc. 


★ The stability of these components directly affects the accuracy of the overall system. Choose components whose 
stability is consistent with the accuracy and temperature range required. For example, if an 8-bit A/D is used at a constant 
temperature, then 5% carbon resistors may be adequate since an 8-bit A/D’s resolution is only 0.4%. However, if a 12-bit 
A/D (0.025% resolution) is to be used over the -55®C to + 125®C temperature range, then these components will be very 
critical and should have a stability of 5 to 15 ppm for fixed resistors and 25 to 50 ppm for variable resistors. 


The following parts list of possible suppliers is intended to be of assistance in putting a converter design into produc¬ 
tion. It should not be interpreted as a comprehensive list of suppliers, nor does it constitute an endorsement by Teledyne 
Semiconductor. 


TYPICAL COMPONENT SOURCES 
FOR PRECISION APPLICATION 


A. Precision fixed resistors 


Value 

Tol. 

Typical Source 

Type 

Temp. Coeff./°C 

243K 

±1% 

Mepco/Electra 

5033R 

±5ppm/±25ppm/± lOOppm 

953K 

±1% 

Mepco/Electra 

5033R 

± 5ppm/ ± 25ppm/ ± lOOppm 

IMfi 

±1% 

Mepco/Electra 

5033R 

± 5ppm/ ± 25ppm/ ± lOOppm 

B. Variable resistors 




20K/100K 

±10% 

Mepco/Electra 

8035 

±lOOppm 

20K/100K 

±10% 

Spectrol 

43P 

± lOOppm 


C. Capacitors 


68pF 

±10% 

Union Carbide 

C114K680K1X1CA 

±800ppm 

68pF 

±10% 

Union Carbide 

C114G680K565CM 

±30ppm 

68pF 

±5% 

Corning 

CY06C680G 

±25ppm 
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DESIGN INFORMATION 


1. AVOID INTRODUCING ERRORS: 

Proper design procedures are necessary to obtain best 
accuracy from 8700 series converters. 

a. Do not route logic signals under the 8700 or near any 
of the three analog terminals I|n, Iref> 
just (pins 13, 14, 15, 16). 


b. Plan your grounding. Keep the analog ground 
isolated from the logic ground by making the two 
electrically common only at the system ground. 


c. Filter the supply voltages by using bypass capacitors 
of value 0. VF or greater connected in shunt between 
the supply line and the logic ground (pin 20). Locate 
the capacitors as close as to the 8700 as practical. 


d. Provide a reference as stable as the conversion ac¬ 
curacy you expect. Remember: 


DIGITAL COUNTS = •A = ^IN ■ R|N ^ 

IREF Vref - Rref 


The conversion accuracy is a direct function of the 
Vref- terms of Vref voltage regulation, the 8-bit 
requires ±.04%, the 10-bit, ±.01%, the 12-bit, 
±.0025%, and the 3V2 digit BCD, ±.005%,to in¬ 
troduce less than 1/10 LSB error. 


e. Choose a full scale voltage range as large as possi¬ 
ble; this will minimize the effect of zero drift and in¬ 
put noise. For example, a OO/^V zero drift or noise 
voltage on the 8701 (10-bit) will produce a ± Vz LSB 
error at 500mV full scale, but only ± 1/40 LSB at 10V 
full scale. 


2. OTHER SUGGESTIONS FOR IMPROVING PERFOR¬ 
MANCE: 

a. For C|nt> virtually any type of non-polarized 68pF 
± 10% is acceptable. Locate as near to the converter 
as possible and away from noisy lines. 


b. Locate RdaMP and CdaMP as near the converter as 
possible and away from noisy lines. The value of 
RdAMP = 100^^ and CpAMP = 270pF are nominal; 
these two elements stabilize the input op amp to pre¬ 
vent oscillations. 


3. CAUTION: WHEN USING ZENERS, OP AMPS AND 
VOLTAGE REGULATORS: 

These devices are often used as input amplifiers, 
voltage references and power supplies for A/D con¬ 
verters. It is worth noting that these devices can 
generate quite a bit of “High Frequency” noise. 
Normally, this noise does not interfere with the opera¬ 
tion of the A/D converter. However, excessive noise 
from zeners, used as voltage references for example, 
have been found to be the cause of strange counting se¬ 
quences and non-linear A/D operation. It should 
therefore be standard practice to bypass all zeners and 
voltage regulators with at least O.I/aF capacitors. (If the 
zener is exceptionally noisy, 1 to 10/^F capacitors may 
be required. Remember that zeners are often used as 
white noise sources in noise generators.) 


If erratic operation is still observed, then either the op 
amp’s feedback resistor or the output should be bypass¬ 
ed. Note also that the noise level of zeners, op amps and 
voltage regulators varies from lot to lot and especially 
from one manufacturer to another. Bypassing these 
devices during the design stage will prevent the noise 
level variation from becoming a possible production 
problem. 
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CONVERSION TIME 
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NEGATIVE SUPPLY GENERATOR 




A negative voltage for Vss and Vref can be generated 
from the positive supply by using a hex inverter as a free 
running oscillator to drive a voltage doubler. The five in¬ 
verters are paralleled to provide a low output impedance. 
Since the 4049 is a standard 4000 CMOS part, the circuit 
can be operated from 3 to 15 volts. 10 /aF capacitors were 
used in order to minimize output ripple at low V + voltages. 


When higher input voltages (V-i-) are available the ^0fiF 
capacitors can be lowered to 1 or O.VF depending on the 
output loading. If this circuit generates more voltage than 
is needed, one half of the diodes and capacitors can be 
eliminated to reduce cost. The output voltage will then be 
one half of that shown in the graph and is available on the 
negative side of the capacitor connected to ground. 


TSC8700 SERIES CONNECTION DIAGRAM 



BINARY OUTPUTS 

THREE STATE: ENAO 


> 10BIT 


> 8 BIT 


8700 8701 8702 
8703 8704 8705 


BCD OUTPUTS 

A)THOUSAND 


) 12 BIT 


The Teledyne Semiconductor 8700 series are integrating also in a 3^/2 digit parallel BDC format. Individual data 

A/D converters. These are available with 8-, 10-, or 12-bit sheets are available from Teledyne Semiconductor, 

resolutions, with or without three-state outputs, and 
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Application Note 10 
Applications of the TSC9400 
Voltage to Frequency 
Frequency to Voltage Converter 
By Michael O. Paiva 


RATiOMETRIC MEASUREMENT 
(ANALOG DIVISION) 



One of the most difficult circuits to build is one which will do such division with ease. The numerator is counted directly 

divide one analog signal by another. Two V/F converters can as a signal, while the denominator forms the time base. 


RPM/SPEED INDICATOR 



Flow rates and revolutions per second are nothing more than 
frequency signals since they measure the number of events per 
time period. Optical and magnetic sensors will convert these 
flows and revolutions into a digital signal which in turn can be 


converted to a proportional voltage by the use of an F/V 
converter. A simple voltmeter will then give a visual indication 
of the speed. 


MOTOR SPEED CONTROL 



The motor's speed is measured with the F/V, which converts negative feedback system to maintain the motor at the con- 

RPM into a proportional voltage. This voltage is used in a trolled setting. 
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PROPORTIONAL FLOW RATE CONTROLLER 


AN-10 



METER 


A 9400 F/V can be used to regulate the amount of liquid or 
gas flowing through a pipeline. 

The flow rate detector generates a pulse train whose frequency 
is proportional to the rate of flow through it. The F/V con¬ 


verts this frequency to a proportional analog voltage which is 
used to drive the valve controller. The valve controller regulates 
the valve so that the flow is steady even though pipeline pres¬ 
sure goes up and down. A voltmeter connected to the F/V 
output will indicate the actual instantaneous flow rate. 


TEMPERATURE METER 



gate j I_r 

LATCH_ n 


n_n_ 


beset _n_n_n_ 


TEMP PROBES 
A. THERMOCOUPLE 




A temperature meter using the voltage output of a probe, 
such as one of the three shown, can be economically and 
straightforwardly implemented with the 9400 V/F. The V/F 
output is simply counted to display the temperature. 


For long distance data transmission, the 9400 can be used to 
modulate an RF transmitter. 


A/D CONVERSION WITH A MICROPROCESSOR 



DIGITAL 

OUTPUT 


There are two schemes that can be utilized to accomplish A/D 
conversion with a microprocessor; 


for counting the microprocessor's clock. The final count 
will then be inversely proportional to the Input signal. 


1. Depending on the number of digits of resolution required, 
VquT is measured by counting the V/F frequency for 1ms, 
10ms, 100ms, or 1 second. The final count is then directly 
proportional to the input voltage. (The microprocessor 
provides the time base.) 

2. V||\| is measured by determining the time between two 
pulses (negative edges). The FquT signal Is used as a gate 


By taking the one's complement (changing 1's to O's and 
O's to I's) of the final binary count a value directly propor¬ 
tional to the input will result. 

This technique will give a faster conversion time when 
resolution is very important, but dynamic range is limited. 
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13 BIT A/D CONVERTER 


AN-10 



BIT 1211 10 g 8 7 6 S 4 3 2 1 0 


A 13 bit binary or 4 digit BCD A/D converter can be built by base. When the V/F is set up for lOKHz full scale a 1 second 

combining the 9400 V/F with a counter, latch and time time base will provide one conversion per second. 


4 DIGIT VOLTMETER W/OPTO-ISOLATED INPUT 



The use of a frequency counter will give a display of the V/F's The opto Isolator is used for transmitting the frequency so 

frequency which is directly proportional to the input voltage. that there is no DC path to the frequency counter. This is 

especially handy in medical applications where a voltage probe 
When the V/F is running at lOKHz full scale, a 0.1 second time should not be directly connected to a human body, 
base will give 3 digit resolution with 10 readings per second. 

LONG TERM INTEGRATOR WITH INFINITE HOLD 


DIGITAL DISPLAY 



This system will integrate an input signal for minutes or days applications involve controlling the amount of surface metal 

and hold its output indefinitely. The data is held in a digital deposited in a plating system or how much charge a battery 

counter and will stay there until the counter is reset. Typical has taken on. 


LONG TERM INTEGRATOR FOR BIPOLAR (+/-) SIGNALS 



ABSOLUTE VALUE CIRCUIT 


When the input signal is negative as well as positive there positive voltage only; and also telling the counter to count up 

needs to be a way of generating ''negative" frequencies. An for a positive voltage and to count down for a negative voltage, 

absolute value circuit accomplishes this by giving the V/F a 
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ANALOG SIGNAL TRANSMISSION OVER TELEPHONE LINES 
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V|NO 


9400 

V/F 


TELEPHONE 


TELEPHONE - 


9400 

F/V 


3 Vqut 


SYSTEM LINEARITY -0.03% 


The 9400's square wave output is ideal for transmitting analog 
data over telephone lines. A square wave is actually preferred 
over a pulse waveform for data transmission since the square 
wave takes up less frequency spectrum than a pulse waveform. 

The square wave's spectrum can be further reduced by use of 
low pass filters. 


At the other end of the telephone line a 9400 F/V converts 
the frequency signal back into a voltage output which is 
linearly proportional to the original input voltage. 


TELEMETRY 


V|N 



DIGITAL DISPLAY 



In a telemetry system the 9400 converts the analog input 
(V||\|) into frequencies (10Hz to lOOKHz) which can be used 
to modulate an RF transmitter. 

At the other end a receiver picks up the RF signal and modu¬ 
lates it back into the 10Hz to lOOKHz spectrum. A frequency 


counter connected to this signal will then give a count which is 
linearly proportional to the original analog voltage (V||\|). 

If a linearly proportional analog output voltage is required, 
then the counter can be replaced by a 9400 used in the F/V 
mode. 


HIGH NOISE IMMUNITY DATA TRANSMISSION 


DIGITAL DISPLAY 



When transmitting analog data over long distances it is advan¬ 
tageous to convert the analog signal into a digital signal which 
will be less susceptible to noise pick-up. 

In the above system the 9400 converts the input voltage into 


either a pulse or square wave which is transmitted on a pair or 
wires by use of a line driver and receiver. At the other end 
the original voltage (V||\|) can be digitally displayed on a fre¬ 
quency counter or converted back to an analog voltage by use 
of a 9400 F/V converter. 
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DC RESPONSE DATA RECORDING SYSTEM 


AN-10 



Low frequency analog data (DC to lOKHz) can be recorded back speed, the frequency spectrum of the original data can 
anywhere, stored and then reproduced. By varying the play- be shifted up or down. 


FSK GENERATION AND DECODING 



Frequency shift keying (FSK) is a simple means of transmit- the lower frequency. The digital input will then determine 

ting digital data over a signal path (two wires, telephone lines, which frequency is selected. A "0" selects the lower frequency 

AM transmitters or FM transmitters). while a "1" selects the upper frequency. 

Typically only two frequencies are transmitted. One corres- The digital frequency signal is converted back into a digital 

ponds to a logical "0" while the other corresponds to a logi- format by a 9400 used in the F/V mode, 

cal "1". 

A 9400 V/F will generate these two frequencies when con¬ 
nected as shown above. The potentiometer sets the V/F to 


ULTRA LINEAR FREQUENCY MODULATOR 



FREQUENCY OUTPUT 

j"i_jnjiniiiuL^^ 


Since the 9400 is a very linear V/F converter an FM modu¬ 
lator is very easy to build. 

The potentiometer determines the center frequency while 
V||\| will determine the amount of modulation (FM devia¬ 


tion) around the center frequency. V||\| can be negative as 
well as positive. 



FREQUENCY METER 



The 9400 will convert any frequency below lOOKHz into an If the incoming frequency is above lOOKHz a frequency divider 

output voltage, which is linearly proportional to the input in front of the 9400 can be used to scale the frequency down 

frequency. The equivalent frequency is then displayed on an to the lOOKHz region, 
analog meter. 
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TACHOMETER BAR GRAPH DISPLAY 


AN-10 



A tachometer can be constructed by using the 9400 in the F/V 
mode to convert the frequency information (RPM) into a 
linearly proportional voltage. This voltage is then compared 
to one of n comparators (8 in this example). When the voltage 


exceeds the trip point of a comparator the respective LED will 
light up and continue to stay lit as long as the voltage exceeds 
the trip point. This will give a bar graph type display with the 
height of the bar being proportional to RPM. 


FREQUENCY/TONE DECODER 

F4<F 
F 3 < F < F 4 

F 2 < F < F 3 

Fi<F<F2 

0< F< Fi 


FREQUENCY SET 

The frequency or tone to be detected is converted into a This system is useful for determining which frequency band a 

proportional analog voltage by the 9400 F/V converter. The signal is in or for remote control where each frequency band 

quad comparators sense when the voltage (frequency) exceeds corresponds to a different command. 

any of the four preset frequency limits. A logical "1" at any 

of the five outputs indicates that the frequency is within those 

limits. 
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FM DEMODULATION WITH A PHASE LOCKED LOOP 
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The high linearity of the 9400 (0.01%) is used to greatly very precise tracking of Vq with respect to F||\|. 

improve the performance of a phase locked loop, resulting in 


ANALOG DATA TRANSMISSION ON DC SUPPLY LINES (TWO WIRE TRANSMITTER) 

Analog Display 


REMOTE SENSOR 


ir~ir~\r 


9400 

F/V 

— 




Digital Display 


FREQUENCY 

COUNTER 

— 


□ 

_i 



By converting an analog voltage to a linearly proportional 
pulse train of short duration, it is possible to transmit this 
data on the same wires that are used to energize the V/F 
converter. 

rhe.9400 V/F shorts out the DC supply for Sjus out of 
each period. At lOOKHz the supply line is down 30% of the 
lOjLts period. As the frequency is lowered the down time 
decreases so that at IKHz the line is down only 0.3% of 
the time. 


is used to keep the 9400 energized while the diode keeps the 
capacitor from being discharged. 

Since the 9400 requires only 2mA of current, a 1/iF capacitor 
ensures a stable voltage (the ripple is only 6mV). Since the 
3fis pulses appear at the left side of the 1.2K resistor, it is 
easy to sense the signal here and convert the data back into a 
recognizable format. A frequency counter connected at this 
point will directly display the input voltage by counting 
the frequency. 


Two precautions are necessary to assure that the system does 
not stop functioning during the shorting period. At the power 
supply end a 1.2K resistor limits the current to 10mA on a 
15V supply line. This prevents the 9400 from being operated 
beyond its output rating and at the same time it prevents the 
supply from being shorted out. At the V/F end a capacitor 


If an analog output is required, a 9400 in the F/V mode can 
be used to convert the frequency back into a voltage. The 
overall linearity is in the order of 0.03%, when both V/F and 
F/V are used. If only the V/F is used, then 0.01% linearity 
can easily be achieved. 


DIGITALLY CONTROLLED FREQUENCY SOURCE 



injirinr 


This system generates frequencies which are controlled by a Applications for such a system include computer controlled 

microprocessor counter, register, or by thumb-wheel switches. test equipment and numerically controlled machine tools. 
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WIDE FREQUENCY RANGE PULSE GENERATOR 
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The 9400 V/F is useful in the laboratory as a portable, battery grator, a triangular waveform can also be generated. The 

operated low cost frequency source. The 9400 provides both outputs can be frequency modulated via the FM input, 

pulse and square wave outputs. By adding an Op Amp inte- 


FREQUENCY MULTIPLIER/DIVIDER WITH INFINITE RESOLUTION 



Frequency scaling can easily be performed by first converting voltage is then applied to a 9400 V/F which generates a pro- 

the incoming frequency into a proportional DC voltage. This portional output frequency, 

is accomplished by using the 9400 in the F/V mode. Once the 

frequency is in a voltage format it is easy to scale this voltage Since the potentiometer is infinitely variable, the division/ 

up or down by use of a single potentiometer. The resultant multiplication factor can be any number, including fractions, 

(K-i is simply Vq/Fin while K 2 is Fo/V||\|). 


FREQUENCY DIFFERENCE MEASUREMENT 



Since the 9400 V/F input is actually the summing junction 
to an Op Amp, Vi and —V 2 can be summed at the 9400 
input to generate a frequency output which is proportional to 
the difference between Fi and F 2 . 


Frequency difference measurement is accomplished by using 
two 9400's in the F/V mode to convert both frequencies into 
two proportional analog voltages (Vi and V 2 ). V 2 is inverted 
by a unity gain inverter. Vi and —V 2 are then added by the 
summing Op Amp to give a voltage proportional to the fre¬ 
quency difference between F 2 and Fi. 
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CONVERTERS SIMPLIFY DESIGN OF FREQUENCY MULTIPLIER* 


By using a programmable digital-to-analog converter in com¬ 
bination with frequency-to-voltage and voltage-to-frequency 
converters, this circuit can multiply an input frequency by any 
number. Because it needs neither combinational logic nor a 
high-speed counter, it is more flexible than competing designs, 
uses fewer parts, and is simpler to build. 

As shown in the figure, the V/F converter, a Teledyne 9400, 
transforms the input frequency into a corresponding voltage. 
An inexpensive device, the converter requires only a few ex¬ 
ternal components for setting its upper operating frequency as 
high as 100 kilohertz. 

Next the signal is applied to the reference port of the DAC-03 


d-a converter, where it is amplified by the frequency-multiplying 
factor programmed into the converter by thumbwheel switches 
or a microprocessor. The d-a converter's output is the product 
of the analog input voltage and the digital gain factor. 

R 3 sets the gain of the 741 op amp to any value, providing trim 
adjustment or a convenient way to scale the d-a converter's 
output to a much higher or lower voltage for the final stage, a 
9400 converter that operates in the voltage-to-frequency mode. 
The 741 and R 3 can also be used to set circuit gain to non¬ 
integer values. The V/F device then converts the input voltage 
into a proportionally higher or lower frequency. 


JTTL 

f|N - 


100 kil 

I—vw- 


VW- 


TELEDYNE 

9400 
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TO-VOLTAGE 
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Circuit uses frequency-to-voltage-to-frequency conversion, with intermediate stage of gain between conversions, for multiplying input 
frequency by any number. Digital-to-analog converter is programmed digitally, by thumbwheel switches or microprocessor, for coarse 
selection of frequency-multiplying factor; 741 provides fine gain, enables choice of non-integer multiplication values. 


^Reprinted with permission from Electronics, October 12,1978; Copyright ©Mc-Graw-Hill, Inc., 1978. All rights reserved. 
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Application Note 11 
TSC7106/7107 
Digital Meter Applications 
Including Kit Assembly Instructions 


Instructions for the LCD and LED Kits Assembly 


Two kits are offered; the TSC7106 EV/Kit and the TSC7107 
EV/Kit. Each kit contains the appropriate IC, a circuit board, 
a display (LCD/TSC7106, LED/TSC7107), passive compo¬ 
nents and miscellaneous hardware. 



Figure 1: TSC7106 with Liquid Crystai Dispiay 


TheTSC7106andTSC7107 contain all the acive circuitry for 
a 3-1/2 digit panel meter on a single chip. The TSC7106 is 
designed to interface with a liquid crystal display (LCD), 
while the TSC7107 is intended for the light-emitting diode 
(LED) display. Both circuits contain BCD to seven segment 
decoders, display drivers, a clock and a reference. To build a 
high-performance panel meter, (with auto-zero and auto 
polarity features) it is only necessary to add a display, four 
resistors, four capacitors, and an input filter if required. 



The circuit board layouts and assembly drawings are shown 
in Figure 17 (TSC7106) and Figure 18 (TSC7107). Pin strips 
are used to provide a low-cost socket. One IC board can thus 
be used to evaluate several IC’s. Solder terminals are pro¬ 
vided for the first five test points and for the± 5 V input on the 
TSC7107 kit. A provision has been made for separating REF 
LO from COMMON when using an external reference zener. 
Provision has also been made for connecting an external 
clock. A value of 150 ohms is used for decimal point 
(TSC7107 EV/Kit). 

Liquid Crystai Dispiay (TSC7106) 

The TSC7106 generates the symmetrical square wave to the 
back plane (B.P.) internally. The user should generate the 
decimal point from the plane drive by inverting the B.P. (pin 
21) output. 

In some displays, a satisfactory decimal point can be 
achieved by tying the decimal plane to COMMON (pin 32). 
This pin is internally regulated at about 2.8 volts below V*”. 
Prolonged use of this technique, however, may permanently 
burn-in the decimal, because COMMON is not exactly mid¬ 
way between B.P. high and B.P. low. In applications where 
the decimal point remains fixed, a simple MOS inverter can 
be used (Figure 3). For instruments where the decimal point 



Figure 2: TSC7107 with LED Display 


Figure Exclusive ‘OR’ Gate for Decimal Point Drive 
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must be shifted, aquad exclusive OR gate is recommended 
(Figure 4). Note that in both instances, TEST (pin 37, TP1) is 
used as V for the inverters. This pin is capable of sinking 
about 1 mA and is approximately 5 volts below V*". The B.P. 
output (pin 21) oscillates between V*" and TEST. 

Light Emitting Diode Dispiay (TSC7107) 

The TSC7107 will sink 8 mA per segment. This drive pro¬ 
duces a bright display suitable for most applications. A fixed 
decimal point can be turned on by tying the appropriate 
cathode to ground through a 150 ohm resistor. The circuit 
boards supplied with the kits will accommodate either HP 0.3 
displays or the MAN 3700 types. Note that the HP has the 
decimal point cathode on pin 6, whereas the MAN 3700 has 
the decimal point cathode on pin 9. Not all the decimal points 
are brought out to jumper pads. It may be necessary to wire 
directly from the 150 ohm resistor to the display. For multiple 
range instruments, a 7400 series CMOS quad gate should be 
used. 

Full-Scale Readings 

200 mV Full-Scale — The kits have been optimized for 200 
mV Full-Scale. The component values supplied are those 
specified in Figures 1 and 2. 

2,000 V Full-Scale — The component values in Table 1 
change the integrator time constant and reference and the 
auto-zero capacitor time constant. These extra components 
are not supplied in the kits. In addition, the decimal point 
jumper should be changed so that the display reads 1.999. 


Table 1: Component Values for Full Scale Options 


Component 

_<Typ«) 

200.0 mV 
Full Scale 

2.000 V 

Full Scale 

C 2 (mylar) 

Ri 

R2 

0.47 mF 
24X0 
47X0 

.047 mF 
1.5X0* 
470X0 


' *Changing Ri to 1.5X0 will reduce the battery life 
of the 7106 kit. As an alternative, the potentiometer 
can be changed to 25KO. 


Clock 

Setting the clock oscillator at precisely 48 kHz will result in 
the optimum line frequency (60 Hz) noise rejection (Figure 
5). Since the integration period is an integral number of the 
line frequency period, the RC oscillator supplied in the kit 
runs at approximately 48 kHz giving a measurement fre¬ 
quency of three readings per second. Countries with 50 Hz 
line frequencies should set the clock to 40 kHz by Increasing 
the value of the 100 k ohm resistor across pins 39 and 40 to 
120 k ohms. 

An external clock can also be used. In the TSC7106, the 
internal logic is referenced to TEST. External clock wave¬ 
forms should therefore swing between TEST and (Figure 


6A). In theTSC7107, the internal logic is referenced to GND 
so any generator whose output swings from ground to + 5 V 
will work well, (Figure 6b). 


TSC7106/7107 

-i 


7 

40 * * 100 Kn 

lOOpF 

, ,_J 1_ 

SYSTEM ' 

CLOCK 

38 ^ ^1 


Figures: TSC7106/7107 Internal Oscillator/Clock 



Figure 6: External Clock Options 


Capacitors 

The dual slope technique cancels the effects of long term 
stability and temperature coefficient. The integration capaci¬ 
tor should have low dielectric loss. Inexpensive polyprope- 
lene capacitors have the low dielectric loss characteristics 
and are recommended. Mylar capacitors may be used for Cl 
(reference) and C2 (auto-zero). 

Reference 

The voltage between V”*" and COMMON is internally regu¬ 
lated at about 2.8 volts. This reference is adequate for many 
applications. For improved performance use TSC7106A/- 
7107A devices. 

For 200 mV Full-Scale, the voltage applied between REF HI 
and REF LO should be set at about 100 mV. For 2.000 V 
Full-Scale, set the reference voltage at I.O.V. The reference 
inputs are floating, and the only restriction on the applied 
voltage is that it should lie in the range V~ to V^. For calibra¬ 
tion, place 190.0 mV on input and adjust REF pot (R4) for 
1900 readout. 

For greater temperature stability, an externai reference can 
be added as shown in Figures 7a and 7b. 
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Power Supplies 

The TSC7106 kit is intended to be operated from a 9 V 
battery. INPUT LO is shorted to COMMON, causing to sit 
at 2.8 volts positive with respect to INPUT LO, and V" at 6.2 
volts negative with respect to INPUT LO. 

The TSC7107 kit should be operated from ±5 volts. Noisy 
supplies should be bypassed with 6.8 mF tantalum capacitors 
to ground at the point where the supplies enter the board. 

If a -5 volt supply is unavailable, a suitable negative rail can 
be generated locally using the circuit shown in Figure 8. 


Input Filters 

With the leakage current in the order of 1 pA at 25°C, high 
impedance passive filters may be used. The RC filter used in 
the evaluation kits (1 megohm — 0.01 juF) introduces a neg¬ 
ligible 1 AiV error. 

Sources of Supply 

The following list of suppliers is intended to help with the 
development of production meters. It should not be inter¬ 
preted as a comprehensive list of suppliers, nor does it con¬ 
stitute an endorsement by Teledyne Semiconductor: 

Suppliers of LCD’s 

1. Hamlin Inc., Wl (414) 648-2361 

2. Crystalloid Electronics, OH (216) 688-1180 

3. Printed Circuits Integrated, CA (408) 733-4603 

4. lEE Inc., CA (213) 787-0311 


Suppliers of LED’s 

1. AND, CA (415) 347-9916 

2. Litronix Inc., CA (408) 257-7910 

3. Hewlett-Packard, CA (415) 493-1212 

4. General Instruments, CA (415) 493-0400 

Suppiiers of Poiypropeiene Capacitors 

1. Plessey Capacitors, CA (213) 889-4120 

2. IMB Electronic Products, CA (213) 921-3407 

3. Elcap Electronics, CA (714) 979-4400 

4. TRW Capacitors, NB (308) 284-3611 

Preliminary Tests 

1. Solder flux or other impurities on PC boards may cause 
leakage paths between 1C pins and board traces, reduc¬ 
ing performance. Rubbing alcohol or another appropriate 
cleaning agent should be used to remove impurities. 

2. In order to insure that unused segments on the LCD 
displays do not turn on, tie them to the Back Plane pin (pin 
22 ). 

3. Auto-Zero — With the inputs shorted the display should 
read zero. The negative sign will be on about one half of 
the time, showing the input to be exactly zero volts. 

4. Polarity — A negative sign indicates a negative reading. 
No sign indicates a positive reading. 

5. Overrange —For inputs greater than Full-Scale, only 1 or 
-1 will be displayed. The three least significant digits will 
be suppressed. 

6. Calibration — The instrument should be calibrated at 
1900 counts by using a high-quality 4 1/2 digit DVM. 

Applications 
Input Attenuator 

There are times it is desirable to have full scale readings 
other than 199.9 mV or 1.999 V. To measure voltages greater 
than 2V, an input attenuator is needed as shown in Figure 9. 

The Full-Scale sensitivity is given by: 

V|N (Full-Scale) = 1.999 VrerX _ — _ 

(R,+R 2 ) 

It is important that R^ and R 2 remain fixed for the calibration 
period of the instrument. Metal film resistors with good long¬ 
term drift characteristics, and low temperature coefficients 
are recommended. 

The input attenuator reduces the input resistance of the 
circuit from > 10^2 ohms to (Ri + R 2 ). This places an upper 
limit of about 10 megohms on the input resistance that can 
readily be achieved when using an attenuator before the A/D 
input current causes offset errors. 

To measure Full-Scale voltage less than 199.9 mV, an opera¬ 
tional amplifier is used prior to the TSC7106/7 inputs. Note 
that the auto-zero circuitry within the 1C can not take care of 
the op amp offset or voltage drift. For this reason the use of a 
low power low offset Op Amp such as the TSC900 is recom¬ 
mended. 
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Figure 10 shows a circuit with ±20 mV Full-Scale and an 
input resistance greater than 10 megohms. 

For scale factors between 100 mV and 1 mV per least signifi¬ 
cant digit (LSD), simply determine the reference voltage 
required for the following equation: 

Vref= (Voltage Change represented by one LSD) x 10^ 

For scale factors greater than 1 mV/LSD, the most straight 
forward approach is to use an input attenuator in conjunc¬ 
tion with a 1 volt reference. 



Figure 9: Input Attenuator for Vin ^ 2.0 V 



AC Voltage Measurements 

It is necessary to build an AC to DC converter to measure AC 
voltages with the TSC7106/7. Figure 11 shows a circuit used 
extensively in commercial 3 1/2 digit DVM’s. The circuit 
responds to the average value of the sinusoidal waveform 
and assumes low distortion. It has 10 megohms input impe¬ 
dance, 20 Hz to 5 kHz bandwidth, and is AC coupled to the kit 
introducing to DC errors. 

Multi-Range DVM’s 

Two schemes commonly used are shown in Figures 12a and 
12b. The circuit of Figure 12a has the advantage that any 
switch contact resistance appears in series with the 
TSC7106/7 input resistance. Since the input resistance is 
>10^2 ohms, errors due to the switch are negligible. Preci¬ 
sion voltage attenuators (Ri through R 5 ) are available from a 
number of manufacturers. Allen Bradley, for example, makes 
a thin film network which contains 1 k, 9 k, 90 k, 900 k and 9 M 


resistors in one package (FN207) — ideal for a five range 
voltmeter. However, it is less expensive to use meaium preci¬ 
sion resistors in series with potentiometers for the attenua¬ 
tor. Then the schematic of Figure 12b has some of the advan¬ 
tages because the resistors in the attenuator are non¬ 
interactive. It is also more amenable to solid state range 
switching. An analog switch or FETs may be used in place of 
the mechanical switch. Then, by adding a couple of zener 
diodes (or ordinary silicon diodes In.the case of a 200 mV F.S. 
panel meter) the solid state switch is totally protected 
against overvoltages. By contrast, the configuration of Fig¬ 
ure 12 a exposes the switch to the full-input voltage, which 
may be several hundred volts. However, in Figure 12b the 
switch resistance forms part of the attenuator and could 
contribute an error. 

Resistance Measurements 

The ratiometric technique is used. The unknown resistance 
is put in series with a known standard and a current passed 
through the pair. The voltage developed across the unknown 
is applied to the input (between IN HI and IN LO), and the 
voltage across the known resistor applied to the reference 
input (REF HI and REF LO). If the unknown equals the stand¬ 
ard, the display will read 1000. The displayed reading can be 
determined from the following expression: 

Displayed Reading = R Unknown y mnn 
R Standard 

Figure 13 shows a typical measurement circuit. Note that due 
to its ratiometric nature, the technique does not require an 
accurately defined reference Voltage. The display will over¬ 
range for R Unknown >2 x R Standard. 

Current Measurements 

The use of a shunt resistor converts the current to a voltage. 
The relationship between the current and the displayed read¬ 
ing for the circuit of Figure 14 is found by: 

I X R 

Displayed Reading = _1!!_f_ xIOOO 

Vref 

When measuring current the 199.9 mV scale is used. This 
limits the voltage drop to 100 juV per count. A multi-range 
current meter circuit is shown in Figure 15. Note that 
although the input current passes through the selector 
switch, IR drops across the switch do not contribute to the 
measured voltage. 

Temperature Measurements 

A diode connected transistor may be used as the tempera¬ 
ture sensing element. Vg^ has a temperature coefficient of 
-2.1 mV/°C. A scale factor of 0.1 ®C/count may be obtained 
by setting the reference at 210 mV. 

At 0®C and 100/uA bias current, the diode connected trans¬ 
istor will have a forward voltage drop of approximately 550 
mV. A fixed 500 mV source is set up to offset the diode drop. 
In the circuit of Figure 16, adjust R5 to give 000.0 output 
reading with Q1 at 0® C. Then adjust for R4 for a 1 00.0 reading 
withQI at100®C. 
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^ 100k$2 


1 " 1 IN 914 

' EVALUATION 

'T T 1 

- 470kn ,N HI 

^ 1 loknl JlOknl 

— * =j:.22pF ^ < 

Li ' - 

j ririfjF VF 1 -y 

U 2K 3K 1 



TJ ^r__ 

GND* = IN THE ABSENCE OF SPLIT SUPPLY OPERATION, 

TEST " (PIN 37) CAN BE USED AS GROUND. 


Figure 11: AC to DC Converter 



200mV F.S. 



1 

mn < 
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^ 1 EVALUATION KIT 

1 (Vref = lOOmV) 


■ 

I20VF.S. . \ 


1 , 
V|N 90K^ 





200V F.S. / -7- ! 



9K < 

/ ! 

2000V F.S. / 1 



^K< 

1 

.IN LO 




Y 


•CAUTION 

HIGH VOLTAGES CAN BE LETHAL. PROPER OPERATING PRECAUTIONS MUST BE 
OBSERVED BY THE USER. TELEDYNE ASSUMES NO LIABILITY FOR UNSAFE 
OPERATION. 


Figure 12a: Multirange Voltmeter 



Figure 13: Resistance Measurement"' 

(^Requires some modification to the kit) 



Figure 12b: Multirange Voltmeter, Alternative Scheme Figure 14: Current Measurement 
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Figure 15: Muitirange Current Meter 



Figure 16: Digital Thermometer* 

(^Requires some modification to the kit) 
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ACTUAL SIZE NOT SHOWN 

LEGEND: 

C1 0.1 Mf R1 24 K 1/4W 5% 

C2 0.47 Mf R2 47 K 1/4W 5% 

C3 0.22 Mf R3 100 K 1/4 W 5% 

C4 lOOpf R4 1 K POT 

05 0.01 Mf R5 1M 1/4 W 5% 



ACTUAL SIZE NOT SHOWN 

Figure 17: TSC7106 - Circuit Board Layout and Component Piacement 
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ACTUAL SIZE NOT SHOWN 


LEGEND 

Cl 0.1 Mf 
C2 0.47 Mf 
C3 0.22 Mf 
C4 lOOpf 
C5 0.01 Mf 


R1 24 K 1/4 W 5% 
R2 47 K 1/4W 5% 
R3 100 K 1/4 W 5% 
R4 1 K POT 
R5 1M 1/4 W 5% 
R6 150n 1/4W 5% 



ACTUAL SIZE NOT SHOWN 


Figure 18: TSC7107 - Circuit Board Layout and Component Placement 
TELEDYNE SEMICONDUCTOR 15-44 


^TELECVNE SEMICONDUCTOR 

7107 LED DIGITAL PANEL METER 




























TELEDYNE 

SEMICONDUCTOR 


Application Note 12 
A Single IC 
Digital Thermocouple 
Thermometer Using the TSC7106 

By Al Kadis 


Due to the extremely low input noise characteristics of the 
TSC7106/7107, the user may build a digital thermocouple 
thermometer with only one active component and fifteen 
passive components. With this circuit, both type J and type K 
thermocouples may be used. The type J will measure over 
the temperature range of 10 to 530°C with a conformity of 
±2°C. The type K will measure over a temperature range of 
0°C to 1000°C with a conformity of ±3°C. 

in operation, theTSC7106 provides ail A/D functions includ¬ 
ing seven segment decoder, display drive, reference, and a 
clock. True differential low noise input allows the bridge 
circuit shown in Figure 2 with no other active components. 
This circuit will give a three month iife when operated from a 
normal alkaline 9 voit battery. 

The circuit using a type J thermocouple will be discussed 
here. (The circuit for the type K thermocouple is simiiar 
except for the changing of component values and the 
replacement of the type J thermocouple with type K). The 
extremely low noise front-end of the TSC7106/7107 allows the 
IC to operate reliably at one-half its minimum reference volt¬ 
age specifications, approximately 50 microvolts per count. 

A thermocouple is made by the junction of two dissimilar 
metals. Figure 1 shows the type J (iron and constantan) 
thermocouple in a temperature measuring mode. 



Figure 1. 



Since the thermocouple reference can not be easily main¬ 
tained at a constant temperature, a circuit is used which 
provides a voltage that changes with temperature in an equal 
and opposite manner to the thermocouple. When combined 
with the thermocouple this has the effect of simulating the 
reference at a constant temperature over the normal ambient. 


A voltage is generated as a function of the difference in 
temperature between the two iron — constantan thermo¬ 
couples — TC 1 and TC 2. If TC 1 Is kept at a constant 
temperature (such as the freezing temperature of water), the 
voltage generated as a function of temperature of TC 2 Is 
displayed In the normal type J thermocouple charts. The 
sensitivity at room temperature is approximately 50.4/uV/° C. 

Figure 2 shows the circuit for a portable battery operated 
thermocouple thermometer using the TSC7106. The circuit 
uses six components in addition to those required for the 
standard TSC7106 circuitry. The TSC7106 is designed for 
normal 200 mV operation. Then the reference voltage is 
readjusted to 50.4 mV which corresponds to 1,000 times the 
one degree sensitivity of the type J thermocouple. 


MILLIVOLT 

SOURCE 


DIGITAL 

THERMOMETER 


THERMOCOUPLE 


ICE WATER 
BATH 




Figure 3. 
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The circuit generating the compensating voltage is com¬ 
posed of Q1, R6 and R7. Q1 may be any small signal 
transistor. 

A voltage equal and opposite to that generated by the ther¬ 
mocouple occurs as follows: Q1 base and collector leads are 
tied together allowing Q1 to operate as a diode. In this mode, 
the forward voltage drop of the diode connected transistor is 
-2.1 millivolts per degree centegrade. R7 is returned to the 
TSC7106 reference. The junction of R6 and R7 will vary by 
the ratio of 

2.1 mV/°C —— = 50.4 mV/°C. 

30,000 

One end of the thermocouple is attached to this point. The 
thermocouple reference and the transistor should be ther¬ 
mally bonded. In this manner, temperature changes of the 


thermocouple will be compensated by the transistor and 
resistor divider R6 and R7. R8, R9 and RIO form the other leg 
of a bridge. The 200 H pot (R9) center arm is fed to the 
negative or reference section of the input amplifier. The 
thermocouple output is fed to the positive section. 

Calibration is accomplished by the use of an ice water bath 
and millivolt source as shown in Figure 3. The ice water bath 
is used as a 0°C reference. The millivolt source is used to 
simulate thermocouple temperature over the range of 10 to 
530® C. R9 is used for zero adjustment and R4 is used for 
full-scale. The thermocouple temperature curve is calibrated 
for best accuracy over the user’s temperature range. Type K 
thermocouple is fabricated in a similar manner by changing 
the thermocouple type and resistor values and readjusting 0 
and full-scale. The TSC7107 may also be used as a labora¬ 
tory thermometer with similar circuitry. 
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Application Note 16 
TSC7135 Microprocessor 

Interface 

By Wes Freeman 


Many data acquisition systems require both a visual display 
and a computer interface. The TSC7135 from Teledyne Semi¬ 
conductor is a 4-1/2 digit Analog-to-Digital converter (ADC) 
which can easily provide both of these functions. The 
TSC7135’s multiplexed BCD outputs interface easily to low 
cost LED or LCD decoder/d rivers, such as the TSC7211A 
(LCD) and TSC7212A (LED) or TSC700A (high-current LED). 
Also, the TSC7135’s data outputs simplify computer inter¬ 
facing. 

This application note will present both the hardware and soft¬ 
ware required to interface the TSC7135 to a microprocessor. 
The circuit was developed for a 6502 /uP and 6522 I/O port, 
but the design can easily be modified for other /uPs and I/O 
ports. 

The TSC7135 has several features which make it an attractive 
choice for data acquisition where speed is not an overriding 
consideration. The analog features include: 


• High resolution . 20,000 counts 

• High accuracy.±1 count 

• Low roll-over error .±1 count 


• Valid polarity at 000 reading (the + and - zero states give 
an extra bit of resolution) 

• Negligible zero drift - definitely not the case with a bipolar 
DAC/SAR type ADC 


Timing Reiationship Between TSC7135 
Outputs_ 


TSC713B 

OUTPUTS1 

BUSY n-CONVERSION 


! D5(MSD) K 04 
i DATA I DATA 

[ D3 

1 DATA 

1 D2 ! D1 (LSD) ! DB I I 

[ data i DATA 1 DATA 1 | 



=., nu.c M y y 

L— 200 — I 

COUNTS 

1 1 NOTE ABSENCE 

1 1 OF STROBE 

HR_^-*-201 -► 

COUNTS 

_ 

_L—200—j_ 

200--*« 

COUNTS 

_ _r 


COUNTS 

♦-200--*' 



COUNTS 

200-~J 

COUNTS 

U-200—► 

-1 QQUMTS — 

* Delay between BUSY yolny low and first STROBE 
pulse is dependent on analog input. 


Figure 1 


• The dual-slope conversion method rejects 50 Hz, 60 Hz, 
and 400 Hz noise. 

• The ratiometric reference and differential inputs provide 
flexible transducer interfacing. 

The TSC7135 also has features that simplify system design: 

• Easy /uP Interfacing 

• Overrange and underrange flags forautoranging and pro¬ 
cess control decisions 

• Operation from ± 5 V supplies, with only 10 mW typical 
power dissipation 

• TTL compatible outputs (1.6 mA sink current) 

The TSC7135 provides output signals which, together with 
one port of an LSI I/O chip, simplify a microprocessor inter¬ 
face. The relationship between the variousTSC7135outputs 
is shown in Figure 1. The specific function of these outputs 
are as follows; 


TSC7135 Pin Function 


• B1-B8 

• DS5-DS1 

• STROBE 


• BUSY 

• POL 

• OR 

• UR 


BCD coded data is output on the B1-B8 
pins. 

Digit Select 5 (most significant digit) 
through Digit Select 1 (least significant) go 
high as data on B1-B8 becomes valid for 
that digit. 

For the f irst digit scan after a conversion 
STROBE goes low (for 1/2 clock period) in 
the mid dle of ea ch digit strobe. After five 
pulses, STROBE stays high until the next 
conversion is complete. 

BUSY is high while the TSC7135 is in Inte¬ 
grate or Deintegrate phases of a conversion. 
The falling of BUSY can, therefore, be used 
as an end of conversion signal. 

POLARITY is high if the analog input 
polarity is positive. 

OVERRANGE goes high if the analog input 
is greater than full scale (reading >20,000), 
while UNDERRANGEgoeshigh if the read¬ 
ing is 1,800 or less. 


15 


The TSC7135 also has a RUN/HOLD input. If RUN/TOTD is 
held low, the converter will remain in the a uto-ze ro phase. A 
new conversion will not begin until RUN/HOLD goes high. 
This input can be used to generate conversions on command. 
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TSC7135 Microprocessor Interface 


Interface Hardware TSC7135 dock frequency of 100 kHz will allow the liP two 

The complete TSC7135 to SYP6522 Interface schematic Is milliseconds (10 ^sec x 200 clock cycles) to respond to each 

shown in Fiqure2. BCDdata, POL,OR, UR,and DSSarecon- interrupt without losing data. 

nected to the 6522’s PAO through PA7 inputs. The TSC7136’s 

STROBE output inter rupts t he microprocessor via the 6522's IntGrfdCe SoftWGrG 

CA1 interrupt. RUN/HOLD can be controiled by program- software for the TSC7136 to 6502 interface can be divided 

ming CA2 as an output. routines: (1) Programming the 6522’s Port A for 

At first giance, the circuit may appear incompiete because iatched input and interrupt from pin CA1; (2) the interrupt 

digit seiects DS4 through DS1 are not connected. However, service routine which actuaiiy acquires and stores BCD data 

DS5 is the oniy digit seiec t required. As mentioned previousiy, from the TSC7135: (3) display or manipulation of the ac- 

there areonlyS STROBE pulses per conversion cycle, with the quired data. Figure 3 is a 6602 assembly language listing of 

first STROBE occurring du ring DS5 . The n P decode s the the first two routines. An interrupt service routine flow chart 

logical “AND” of DS5 and STROBE (DS5 • STRCBE) as a is shown in Figure 4. Since the end of a digit scan leaves 5 

conversion complete signal. digits of BCD data in successive memory locations, the user 

If the /xP finds (DS • STR^) true upon responding to an will find the interface software easy to incorporate into a sped- 

interrupt, an “end of conversion” is assumed and assembling display or manipulation routine. 

of BCD data from the TSC7135 begins. Each of the next four The 6522 I/O port must be programmed before data can be 
interrupts will provide another BCD digit. The n? counts inter- received from the TSC7136. The code in Figure 3, beginning 

rupts in a register and stores the corresp onding B CD data in at location “SET-UP”, writes data into the 6522’s control regis- 

successlve memory locations. After five STROBE pulses, ail ters to enable the following functions: (1) Port A will be a 

BCD data has been transferred to the fiP and conversion is latched input, controlled by input CA1: (2) CA2 will be an 

complete. output, programmed high (TSC7135 in “RUN” mode): (3) In- 

One constraint of this interface method is that the mP must irrupt enabled on the falling edge of CA1 The function of 
respond to each digit’s interrupt before the next digit becomes written to each 6522 register is defined in Figure 5. 

valid. The 6522’s CA1 input can be programmed to latch data When programmed for interrupt operation, th e 6522 wi ll pull 

into Port A, as well as provide an inte rrupt to th e /xP- Since its IRQ output low on the falling edge of each STROBE pulse 

latched data remains valid unt il the nex t STROBE pulse, the/uP from the TSC7136. Assuming interrupts are enabled, IRQ 

has the ful l interval between STROBE pulses to service each going low will cause the 6502 juP to load the address of an 

interrupt. STROBE pulses are 200 clock cycles apart. A interrupt service routine from memory locations FFFE and 


TSC7135 to 6502 n? Interface Schematic 
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FFFF. This routine will typically identify the interrupting 
device, determine its priority and jump to a program to service 
the interrupt. The user must provide software to vector inter¬ 
rupts coming from theTSC7135 to the service routine located 
at location “INTVEC” of Figure 3. The TSC7135- 6522 hard¬ 
ware can accommodate interrupt service delays of up to two 
msec, so a relatively low-priority interrupt status can be used. 


6502 - Assembly Language Listing 


; TSC7135 INTERFACE TO A 6502 MICROPROCESSOR 
; USING A 6522 I/O PORT 

; RESULTS ARE STORED IN 5 BYTES OF ZERO-PAGE 
• MEMuRY, BEGINNING AT LOCATION "DIGSTOR" 
(MOST SIGNIFICANT DIGIT FIRST) 

USER MUST PROVIDE INTERRUPT VECTOR FROM 
THE 6522'S CAl INTERRUPT TO A ROUTINE 
AT "INTVEC" 


SET UP 6522 FOR INTERRUPT OPERATION 


UP ROUTINE 

lORG SETUP 

LDA #01 ;SET PORT A FOR 

STA lOPRT+OB;LATCHED INPUT 

LDA #0E ;CA1=INT ON NEG EDGE 

STA IOPRT+OC;CA2=HIGH (7135 IN "RUN" MODE) 

LDA #082 ;ENABLE CAl INTERRUPT 

STA lOFRT+OE; 

JMP MAINPRG ;I/0 PORT SETUP COMPLETE, SO 

; JUMP TO OPERATING SYSTEM OR 

; TO MAIN PROGRAM 


;BEGIN INTERRUPT SERVICE ROUTINE 


XSTOR .EQU 
DIGSTOR .EQU 
INTVEC .EQU 
.ORG 

Lda 

BPL 

BIT 

BNE 

LDX 

STX 

NXTDIG LdX 
STA 
INX 
STX 
CPX 


£dx 

STX 

NOP 

NOP 

RTI 


;SAVE X REGISTER 

;SAVE RESULTS HERE 

;6522'S CAl INTERRUPT ROUTINE 


; SIGNIF 6iGIT. SO CONTINUE 
OVRBIT ;CHECK FOR OVERRANGE 
OVRANG ;BRANCH TO ERROR ROUTINE 
#00 ;SET THE DIGIT POINTER 

XSTOR ; AND STORE 

XSTOR ;GET DIGIT POINTER 

DiGSTOR,X /STORE DIGIT IN ZERO PAGE 

; AND POINT TO 
XSTOR ; THE NEXT DIGIT 

#05 ;5 DIGITS COMPLETES ONE SCAN 

DONE /CONVERSION COMPLETE, PROCESS 

/OR DISPLAY DATA 

/THE 'DONE' ROUTINE MUST END WITH 
/RETURN IF NOT COMPLETE 

#01 /SET DIGIT COUNTER SO THAT DIGITS 

XSTOR / WILL NOT OVERFLOW ZERO PAGE MEM 
/IF REQUIRED. USER PROGRAM FOR 
• SERVICING OVERRANGE GOES HERE 
/AND RETURN 


Figure 3 


Once the 6522’s interrupt has been recognized and vectored 
to location “INTVEC”, a read of Port A loads the TSC7135 
data into the 6502 accumulator. Reading Port A also sets the 
fiP’s status flags and resets the 6522’s interrupt flag. 

The /jlP now tests whether the accumulator contains the 
TSC7135’s most significant digit by testing for DS5 being 
high. Connecting DS5 to PA7 (MSB) of the I/O port allows 
testing DS5 with a single branch on plus instruction. 

If DS5 is high, this data signals the beginning of a new display 


scan (i.e., an end of conversion has occurred.) The /uP zern.s 
its X index register, which will be used both tocountthedigits 
and to provide an offset for storing each digit in zero page 
memory. Register X is also stored in zero page memory at 
location XSTOR, since its contents will probably be lost upon 
returning from interrupt. 

An early indication of an overrange condition can be ob¬ 
tained at this time. A bit mask, stored in memory, is used to 
test for the TSC7135’s OVERRANGE output. If OR is high, the 
program branches to an error routine. An alternative for over¬ 
range testing is to wait until all digits have been scanned and 
then test bit 4 of any digit. 


TSC7135 to 6502 juP Interface Program 
Flow Chart_ _ 



Figure 4 
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If DS6 is not high, or after register X is zeroed, program execu¬ 
tion proceeds to location “NXTDIG”. The BCD data is stored in 
zero page memory, beginning at location “DIGSTOR” and 
indexed by register X. After each digit is stored, register X is 
incremented and compared to five. If register X equals five, the 
digit scan is complete and data can be processed or displayed. 


Register X less than five indicates the digit scan is not com¬ 
plete, so an RTI instruction returns operation to the main 
program to await another digit strobe. Other programs can use 
memory location XSTOR as a “Data Valid” indication: if 
XSTOR = 5, then 5 consecutive memory locations begining at 
DIGSTOR contain the results of the latest TSC7136 conver¬ 
sion. 


6522 I/O Port Control Register Functions 


AUXILIARY CONTROL r 
REG. (ADDRESS = OB) I 


PERIPHERAL CONTROLT 
REG. (ADDRESS = 0C) 


"1" = ENABLES 
LATCHING 
ON PORTA 
INPUT 


= INTERRUPT ON 
NEGATIVE EDGE 
"0" = CA2 LOW (7135 
= "HOLD") 

"r' = CA2HIGH (7135 
= "RUN") 

= ENABLES CA2 AS OUTPUT 


INTERRUPT ENABLE j 
REG. (ADDRESS = 0E) I 


10 010 0 010 


NOTE; "X" = DON'T CARE 


■ SET INTERRUPT ENABLE 


-ENABLE CA1 
INTERRUPT 
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Application Note 17 
Simplify A/D Converter 
Interface With Software 
By Gary Grandbois & Wes Freeman 


Integrating ADCs featuring BCD outputs for display inter¬ 
face offer a number of excellent featuresas well as high reso¬ 
lution at a very low cost. These advantages which include 
auto-zeroing, sign-magnitude coding, noise averaging and 
high impedance inputs are also attractive for microprocessor 
based systems. Unfortunately many of the display-oriented 
A/D converters are difficult to interface due to the multi¬ 
plexed BCD format of the outputs. An exception to this 
problem is the 4 1/2 digit TSC7135 ADC which provides a 
“strobe” output. 

This output allows the number of I/O port pins required to 
interface a 4 1/2 digit analog to digital converter chip to a 
microprocessor to be reduced from 15 lines (see ref.) to only 
10 lines by counting the digit strobes in a software register. 
Besides freeing I/O pins for other applications, this method 
also results in slightly faster interrupt response because the 
/iP does not have to loop while identifying each digit. Al¬ 
though the hardware and software shown are designed for 
the 8080, 8085 or Z-80, the same method can be applied to 
6502 or 6800 I/O devices. 


Interface Hardware 

The complete TSC7135 to I8255A hardware interface is 
shown in Figure 1. The only digit strobe used is DS5 (the 
MSD), and the BUSY output is ignored. To understand why 
the other digit strobes are not require d refer to th e TSC7135 
output timing diagram in Figure 2. The STRO BE outpu t goes 
low five times per conversion cycle. The first STROBEpulse 
occurs in the middle of DS5, when BCD data forthemost sig¬ 
nificant digit is available on outputs B1-B8. STROBE also 
pulses LO W during t he following DS4 through DS1 signals, 
after which STROBE remai ns high un til the next conversion 
cycle. Therefore, onl y one ST ROBE pulse occurs for each 
digit select, and each STROBE corresponds to a BCD digit in 
MSD to LSD order. To read the A/D co nverter’s d ata the nP 
simply reads BCD data during each STROBE pulse and 
stores that data in m emory locations that correspond to the 
number of STROBE pulses received. 



Figure 1: TSC7135 to I/O Port Interface 
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Simplify A/D Converter 
interface With Software 


Synchronizing Data Transfer 

The microprocessor must be able to identify an end-of-con- 
version, so that each digit will be stored In its proper location. 
Since the TSC7135 has a BUSY output, the processor could 
simply monitor this output for end-of-conversion status. 
However, this method would require an extra input bit, as well 
as processor time to test for BUSY status. By using software 
to identify the end-of-conversion, both software and hard¬ 
ware can be simplified. 

In order to synchronize data transfer between /iP and A/D 
converter, the /iP tests the most significant bit of I/O port A 
for the presence of DIGIT STROBE 5(DS5). If DS5 is true 
then an end-of-conversion has occured. The data pointer Is 
then initial ized and assembly of five BCD digits begins. The 
next four STROBE pulses will find DS5 false, so the BCD 
digits are simp ly stored in successive memory locations. The 
fifth STROBE pulse signals an end of data transfer, so the 
user can display or manipulate the data as desired. 



puts 


Initializing the I8255A i/0 Port 

At power up, or after a microprocessor reset, the I8255A is 
initialized for unlatched (Mode 0) input operation. In orderto 
Interface to the TSC7135, the I8255A must be programmed 
to latch data, and generate an interrupt, from Port A (Mode I 
operation). In addition, one bit of Port C can be utilized for 
controlling theTSC7135’s RUN/HOLD input, if conversions 
on command are required. 

Programming the I8255A is accomplished by writing data to 
the control register. Figure 3 outlines the function of each 
control bit. Writing “0B2H” to the control register, for exam¬ 
ple, configures Port A as a latched input. Port B as a non- 
latched input, and remaining Port C bits as outputs. 


In the Port A strobed input mode, bit PC3 becomes the inter¬ 
rupt output. In a large system with many interrupting devices, 
this output would typically go to a priority interrupt controller 
such as the I8259A. Smaller systems can simply use a single 
interrupt input, with polling in software to identify the source 
of the interrupt. To determine whether the TSC7135 has 
caused the interrupt in a polled system. Port A Input Buffer 
Full (IBFA) is tested for a HIGH state. If IBFA is high, then 
data has been latched into Port A by the TSC7135. Reading 
Port A will clear the interrupt and reset IBFA. 

Programming Port A for strobed operation will define bit PC3 
as an interrupt output, but a separate operation is required to 
enable the output. Bit PC4 is the interrupt enable bit for Port 
A. This bit must be set, using the Port C bit set/reset function, 
before the I8255A will respond to interrupts. 

The circuit of Figure 1 also shows the TSC7135’s RUN/HOLD 
input controlled by bit PC6. Setting PC6 high will result in 
continuous conversions. When PC6 is low, the TSC7135 will 
remain in its auto-zero cycle. If PCS pulses high, the TSC7135 
will perform a conversion, output the new data, and return to 
auto-zero. 



Figure 3: 8255 I/O Port Register Functions 
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interface Software 

Listing 1 contains software for acquiring data from the A/D 
converter. Two separate routines are required to program the 
I/O port and to respond to interrupts. Code at location 
“SETUP" will configure the I8255A for strobed input and 
enable Port A’s interrupt. 

The user must provide software for vectoring interrupts from 
port A of the 8255A to interrupt service routine "SVC." As 
mentioned previously, "SVC" will test for digit strobe 6 being 
high (i.e. beginning of a new digit scan). If DS5 is high then 
data pointer HL is loaded with the digit storage address. 

If DS5 is not high, or after HL has been initialized, the BCD 
digits are stored in memory. If five digits have not been re¬ 
ceived, register HL is incremen ted to po int to the next digit 
storage location. After five STRCBE pulses, locations 
STCRAG through STCRAG +4 will contain five BCD digits 
that represent the latest TSC7135 conversion, plus sign, 
polarity, overrange, and underrange flags. 


;TSC7135 to 

8255 I/O PORT INTERFACE SOFTWARE, WITH 

JSI6N-MAQNITUDE 

; 

TO 2’S COMPLEMENT CONVERSION 

; 

;CONFIGURE PORT 

A OF 8255 FOR 

STROBED INPUT AND 

;ENABLE 

INTERRUPT FROM PORT A 


; 

18255: 

EQU 


0 

;825S I/O PORT ADDRESS 


0R6 


2000H 

;CAN BE IN ROM OR RAM 

SETUP 

DI 





LD 


A.0G2H 

;SET 8255A FOR LATCHED 


OUT 


(18255+3),A 

; INPUT ON PORT A 


LD 


A,ODH 

;ENABLE INTERRUPT FROM 


OUT 


(18255+3),A 

; PORT A 


LD 


A,09H 

;TURN on TSC7135 


OUT 


(18255+3),A 

; (RUN/HOLD=«’RUN’) 


LD 


HL,STOR 

;L0AD DATA POINTER WITH 


LD 


(COUNTR) ,HL 

; DATA STORE ADDRESS 


El 





JP 


MAINPR 

;JUMP TO USER PROGRAM OR 






TO OPERATING SYSTEM 


INTERRUPT SERVICE ROUTINE-USER MUST 


PROVIDE HARDWARE/SOFTWARE TO 

VECTOR 


INTERRUPTS 

FROM THE 8255A TO 

THIS ROUTINE, 


AND PROVIDE FOR SAVING REGISTERS AS REQUIRED 


3VC: 

IN 


A,(18255) 

;GET TSC7135 DATA 


DR 


A 

;SET FLAGS 


JP 


P,NXTDG 

;ds5=o;not a new scan, go on 


LD 


HL,STOR 

;NEW SCAN, so SET DATA POINTR 


LD 


(COUNTR),HL 

; TO 1ST DIBIT STOR LOCATION 

NXTDG: 

LD 


HL,(COUNTR) 

;L0AD STOR ADDR OF THIS DIGIT 


LD 


(HL),A 

;STORE BCD DATA 


LD 


A,L 

;GET LO byte of store ADDR 


SUB 


ENDSTR.MOD.256;SUBTRACT ENDING STOR ADDR-1 


JP 


P,BCD2BI 

;DONE IF RESULT MINUS 


INC 


HL 

;POINT TO NEXT ADDR 


LD 


(COUNTR),HL 

;SAVE STORE ADDR 



RET 



;RETURN TO MAIN PROG 


Listing 1: TSC7135 to TSC8250 Interface Software 


Converting Multiplexed BCD Numbers to 
2’8 Complement Format 

BCD data is very convenient for driving LED or LCD displays, 
but 2’s complement format is usually preferred for computer 
arithmetic operations. Listing 2 is a program which will con¬ 
vert five BCD digits to 2’s complement. This program multi¬ 
plies the MSD by 10, adds the next digit, multiplies the sum 
again, etc., until all 5 digits have been converted. The sign bit 
is then tested and, if negative, a 2’s complement adjustment 
(complement all data bits and add one) is performed. Finally, 
the 2’s complement data is stored at location AD2SCM. 


1 

IBCD TO 

2’8 COMPLEMENT CONVERSION SOFTWARE 

{THIS ROUTINE 

CONVERTS 5 BCD 

DIBITS LOCATED AT 

S’STOR* 

TO 

2’S COMP AND STORES RESULT AT ’AD28CM’ 


ORG 

20401 


BCD2BI: 

LD 

HL,0000 

;ZERO HL REG 


LD 

BC,STOR 

;POINT TO 1ST (MSD) BCD DIGIT 

DIGIT: 

LD 

A, (BC> 

;6ET DIBIT 


AND 

OFH 

;MASK DS5,P0L,0R,AND UR FLAGS 


LD 

D,0 

;ZERO D 


LD 

E,A 

;dibit to E 


ADD 

HL,DE 

;16 BIT ADD 


LD 

A,C 

;lo byte of digit pointer 


SUB 

ENDSTR.MOD.256;COMPARE TO END; IF DONE, 


JP 

P,DONE 

; BC POINTS TO LAST DIGIT 


INC 

BC 

;NOT DONE 


ADD 

HL,HL 

;MULTIPLY HL BY 10;START 


PUSH 

HL 

; WITH HL*2; SAVE ON STACK 


ADD 

HL,HL 

; (HL*2>*2-HL*4 


ADD 

HL,HL 

; TIMES 2 AGAIN-HL*B 


POP 

DE 

; BET BACK HL*2 


ADD 

HL,DE 

; HL*B+HL*2«HL*10 


JP 

DIGIT 

;NEXT BCD DIBIT 

DONE: 

LD 

A,(BC) 

;BC still points to BCD DIBIT 


AND 

40H 

;TEST 7135 POL -IF POSITIVE, 


JP 

NZ,AD2CPL 

; NO 2’S COMP CORRECTION REQ 


LD 

A,H 

;RESULT NEB, SO DO A 2’S COMP 


CPL 


; CORRECTION BY COMPLEMENTING 


LD 

H,A 

; THE 15 BIT RESULT IN HL, 


LD 

A,L 

; AND COMPLEMENTING THE 


CPL 


; SIGN BIT 


LD 

L,A 

;RESULT NOW IS I’S COMP IN HL 


INC 

HL 

;ADD one for 2’S COMPLEMENT 

AD2CPL: 

LD 

(AD2SCM),HL 

:STORE RESULT AND DONE 

; 

RET 



; 

;RESERVE STORAGE FOR POINTER 

AND RESULTS 


ORG 

OBFFCH 

;MUST be LOCATED IN RAM 

COUNTR: 

DEFS 

2 

;STORAGE FOR DATA POINTER 

STOR: 

DEFS 

5 

;STORAGE FOR 5 BCD DIGITS 

ENDSTR: 

EQU 

STOR+4 


AD2SCM: 

t 

DEFS 

2 

;2’S COMPLEMENT DATA STOR 


Listing 2; BCD to 2’s Compiement Conversion Soft¬ 
ware 


Reference: 

Smith, M.F. Interface program links A/D chip with micropro¬ 
cessor Electronics Nov. 3, 1982 p. 124, 125 
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Flowchart 1: “SVC” Interrupt Service Subroutine 



Subroutine 
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Application Note 18 
TSC7211AM/TSC7212AM 
Display Driver 
Microprocessor Interface 
By Wes Freeman 


TSC7211AM/TSC7212 AM 
Microprocessor Interface 

The TSC7211 AM and TSC7212AM are complete CMOS four¬ 
digit display drivers which greatly simplify microprocessor 
display interfaces. The devices contain data latches, BCD to 
seven-segment decoders, and either back plane and seg¬ 
ment drivers for liquid crystal displays (TSC7211 AM) or 
current controlled outputs for LEDs (TSC7212AM). This 
application note describes interfacing these display drivers 
to popular microprocessors. 

TSC7211AM/TSC7212AM mP 
Interface Inputs 

The TSC7211AM and TSC7212AM need only eight inputs 
to transfer data from a /uP to the display. Inputs are divided 
into four data inputs, two address inputs, and two chip 
selects. Input timing relationships are shown in Figure 1. 

BCD data for display is entered on inputs BO(LSB) through 
B3(MSB). Data inputs from OOOOB through 1001B are decoded 
to correct seven-segment representation, while data inputs 
from 1 01 OB to 1110B are decoded to “E,” "L," "P,” and "H” 

respectively. An input of 1111B results in a blank display, which 
permits either individual digits or the entire display to be 
blanked under software control without external hardware, 

The digit select Inputs (DS1 and DS2) select the digit written to 


when the chip select inputs become active. Normally DS1 and 
DS2 are connected to the low-order bits (AO and A1, respec¬ 
tively) of the microprocessor address bus. The DS1 and DS2 
inputs must meet the same setup-and-hold-time limits as the 
data inputs. 

Chip select inputs C^ and CS2 control data entry into the 
TSC7211AM/TSC7212AM. The two chip selects are inter¬ 
changeable, since they are logically “ORed" internally. In a 
typical application one chip select input connects to the 
READ/WRITE control line and the other chip select will 
connect to an address decoder. If only one chip select is 
required the remaining input should be tied to GND. 

Microprocessor Bus Interfaces 

Microprocessor bus structures can roughly be divided into 
two groups: the 6800-type, where data is guaranteed valid on 
a clock edge, and the 8080-type, where data is stable for the 
duration of a WRITE pulse. Since the TSC7211AM and 
TSC7212AM are specified in terms of data setup-and-hold- 
times, either processor type is easily accommodated. 

The 6800-type edge activated I/O is used on several popular 
microprocessors, such as the 8048, 8085, 6809 and 6502. 
A timing diagram for the 6502 is shown in Figure 2, and a 
typical 6502 to TSC7211AM interface is shown in Figure 3. 
To transfer data to the display simply write data to the appro¬ 
priate memory location. 



Figure 1. TSC7211AM/TSC7212AM Input Timing 
Diagram 


6602 

SIGNAL 

02 

_ 1 


_____ 





1 _1 




\ _i 


R/W 



DATA 

VALID 

. 




Figure 2. 6502 juP Output Timing Diagram 
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TSC7211AM/TSC7212AM 
Display Driver 
Microprocessor Interface 



Figure 3. TSC7211AM Interface to 6S02 mP 


The 8080 bus characteristics, shown in Figure 4, are shared 
by the 2>80, NSC800 and 8086, among others. A typical 8080 
to TSC7212AM interface is shown in Figure 5, where the 
TSC7212AM is accessed as four I/O port locations. The 8080 
can also treat the TSC7212AM as memory. In which case the 
full range of memory reference instructions can be used 
to transfer data to the display. 


8080 I 

SIGNAL 

A0-A15 II 

zxzz 


DATA 

VALID 





u 



Figure 4. 8080 ^xP Output Timing Diagram 



Figure 5. TSC7212AM Interface to 8080 mP 


TELEDYNE SEMiCONDUCTOR 


15 - 56 














TSC7211AM/TSC7212 AM 
Display Driver 
Microprocessor interface 


Interfacing to Multiple LCD Displays 

LCD displays will be damaged if the display driver causes a 
DC voltage between the backplane and segment inputs. 
Therefore, display driver outputs must be synchronized if 
more than one driver is used with a display. The TSC7211AM 
backplane outputs can be slaved together, permitting large 
LCD displays to be driven. 

Figure 6, for example, shows three TSC7211 AMs driving two 
six-digit LCD displays to produce a date/time display In 
MM:DD:YY, HH:MM:SS format. Since the backplane outputs 
are synchronized, each display can be driven by two separate 
TSC7211AMS without any display degradation. The pro¬ 
cessor shown is a Z-80, and the displays are accessed as 
twelve I/O port locations beginning at address 80H. 


_ Application Note 18 

The Z-80 indirect output instruction (OUTI) efficiently 
transfers data from a twelve-byte buffer In memory to three 
TSC7211AMS. The OUTI instruction transfers the byte data 
addressed by registers H & L to the output port addressed by 
reg C, then increments register HL and decrements the buffer 
count register B. A typical output routine is: 


T ransfer 

LD 

C,7FH 

: 1st I/O address - 1 


LD 

HL, 

Buffer Address 

; 1st byte of data 


LD 

B, 12 

: Transfer 12 bytes 

Loopi 

INC 

C 

: Point to next I/O address 


OUTI 


: Output byte: inc HL; dec B 


JR 

NZ, Loopi 

: Next byte unless B = 0 
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Application Note 19 
BCD Analog-to-Digital Converter 
Interface to Dot Matrix LEDs 
By David Gillooly 


Traditionally 3 1/2 digit analog-to-digital converters have 
interfaced to seven segment LED or LCD displays. Conver¬ 
ters like the TSC7106A, TSC7126A andTSC7107A contain 
decoder/driver circuits to directly drive seven segment dis¬ 
plays. Devices like the TSC14433A and 4 1/2 digit TSC7135 
offer users greater flexibility since decoder/drivers are not 
contained on-chip. Output data is in a multiplexed BCD 
format. Information can be displayed on LED, LCD, vacuum 
fluorescent or incandescent displays as the application and 
environment require. Information can simultaneously be 
transferred to a microprocessor. 

The output data latching, decoding, and drive functions for 
BCD output converters,however, require external MSI devi¬ 
ces such as theTSC700A, TSC7211A or MCI 4543/1413. The 
devices are inexpensive but do require additional board 
space. 

In measurement applications where high reliability, small 
size and excellent readability are needed, the Hewlett Pack¬ 
ard #5082-7356 dot matrix LEDs may be used. Within the 
LCD case is an integrated circuit display latch, decoder and 
driver. The numeric display font matches the style used in 
alphanumeric dot matrix indicators. Instrument front panels 
can be designed without resorting to mixed font styles. The 
LEDs have operating ranges from -20°C to +85° C. The fam¬ 
ily contains parts with -55°C to +100°C operating tempera¬ 
ture range. When matched with similarly specified conver¬ 
ters a very reliable, compact measurement and display 
module can be constructed for industrial and military appli¬ 
cations. 

A typical dot matrix LED interface is shown in Figure 1. The 
three LSD LEDs each contain a decoder, latch and driver. 
The one-half Digit MSD has only LEDs; two 4013 latches 
hold positive polarity information and the “1” MSD data. The 
TSC14433A encodes polarity information in the MSD BCD 
output as shown in Table 1. 


In an overrange condition the data to the three LSDs is 
forced to all 1’s through the 7432 OR gates. The HP#5082- 
7356 LED display blanks when an all 1’s input is decoded. 
This added feature is at no additional cost since the gates are 
required as buffers to provide logic input drive to the LEDs. 
The MSD and sign bits are active in an overrange condition. 
A slight modification (Figure 2) causes the three LSD dis¬ 
plays to “blink” ON and OFF for overrange analog inputs. 
The overrange bit (OR) remains low until an in range conver¬ 
sion completes. With OR = O the Blink FF set is removed. The 
end-of-conversion (EOC) clock causes the display to blink at 
one-half the conversion rate. This visual blinking indicates 
more forcefully a measurement channel has overranged. 
Each display also contains a decimal point for range 
formatting. 

Table 1: Half Digit And Polarity Coding 


Coded MSD 



Data 


Q3 

Q2 

Q1 

QO 

+0 

1 

1 

1 

0 

-0 

1 

0 

1 

0 

+0UR 

1 

1 

1 

1 

-0 UR 

1 

0 

1 

1 

+1 

0 

1 

0 

0 

-1 

0 

0 

0 

0 

+1 OR 

0 

1 

1 

1 

-1 OR 

0 

0 

1 

1 


Notes 

1. Q3- 1/2 digit, low for “1”, high for “0” 

2. Q2- Polarity: “1” = positive, “0” = negative 

3. QO- Out of range condition exists if QD = 1. When used in conjunction with 

Q3 the type of out of range condition is indicated, i.e. Q3=0->^OR or 
Q3=1->-UR. 
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4x7 MATRIX 

LED WITH DECODERS/LATCH ^5 ^ 
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+Vs 
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DS1 

DU 


vx 

DS2 

vag 


CLK1 

TSC14433ACL 
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C01 

03 

02 


01 
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R| 

QO 

R|/C| 
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5 

_, ^ 
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BUFFERING 
& BLANK ON 
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NOTE; 

1. THE 3 LEAST SIGNIFICANT DIGITS 
BLANK DURING AN OVERRANGE 
CONVERSION 


Figure 1: 3 1/2 Digit Multiplexed BCD Output ADC Interface to Dot Matrix LEDs with Decoder/Latches 



Figure 2: Flashing Display on Overrange 
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Many system applications require microprocessors to dis- 
piay data on seven segment light emitting diode (LED) dis¬ 
plays. T 0 minimize the number of input/output iines needed, 
a serial to parallel data bit conversion scheme can be used. 
The TSC9404 will perform a serial to 16-bit parallel output 
conversion. The TSC9404 outputs will each sink 
60 mA @ V for directly driving the LED displays. 

The sixteen outputs will drive two seven segment displays 
plus two decimal points or annunciators. A serial output 
allows devices to be cascaded for more digits. Two digits, 
however, are adequate for many event, switch position, per¬ 
centage and temperature display applications. 

A basic two digit display circuit is shown in Figure 1. The 
TSC9404 interfaces with a standard 6522 Versatile Interface 
Adapter (VIA) I/O chip. The 6522 communicates with a 6502 
microprocessor. The VIA chip is widely used since it con¬ 
tains two configurable I/O ports, and timers. It also contains 
an 8-bit serial input/output shift register. The VIA shift regis¬ 
ter is configured as an output with the shift rate set by the 
phase 2 system clock. Data latches are not needed on the 
TSC9404 as the high speed data transfer is transparent to the 
eye. Two output shift operations will fill the TSC9404 with 
data for display. 

Program operation is straight forward. (See program listing) 
The eight least significant data bits are loaded first from 
memory into the VIA shift register. The appropriate binary to 
seven segment display code is obtained through a table 
look-up (Table 1) procedure. The number stored in memory 
is the table offset. Hex or special symbol display characters 
are possible by expanding the table. The VIA automatically 
shifts eight data bits to the TSC9404. The program waits for a 
complete 8-bit transfer before obtaining the most significant 
digit data from memory. The wait state is implemented by 
testing the interrupt register shift complete flag bit with the 
shift register interrupt disabled. A memory map for the 6522 


Application Note 20 
Two-Digit Seriai input LED 
Dispiay Driver Using TSC9404 
By David Giiiooiy 


is shown in Table 2. The program/system was developed on 
a SYM-01 microcomputer board. 

If decimal point drive is desirable the program is easily 


modified: 

LDA 

Table, X 

ORA 

LSBDP; Add #01 for decimal point 

STA 

SR 

LDA 

Table, X 

ORA 

MSBDP; Add #01 for decimal point 

STA 

SR 


Similar programming techniques can be developed for 
alpha-numeric display using 14 or 16 segment LEDs. Bar 
graph displays are also possible. 


Table 1: Decimal to Seven Segment Conversion Table 


Displayed Character 

LED Segment 
a b c d e f g DP 

HEX Equivalent * 

0 

11111100 

FC 

1 

01100000 

60 

2 

1101101 0 

DA 

3 

11110010 

F2 

4 

0110011 0 

66 

5 

1011011 0 

B6 

6 

1011111 0 

BE 

7 

1 1 1 0000 0 

EO 

8 

11111110 

FE 

9 

1110011 0 

E6 

"BLANK" 

0000000 0 

00 


* For decimal point add 01 to HEX code 



Figure 1; High Current Serial I/O Port Expander 
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Serial I/O Port Expander; Two Digit, Seven Segment LED Drive Program Listing 


Instructions 


Address 

Byte 

1 

Byte 

2 

Byte 

3 

Label 

Mnemonic 

Operand 

Comments 

200 

A9 

18 


Display 

LDA 

#18 


202 

8 D 

OB 

A8 


STA 

ACR ; Shift out under 2 Control 

205 

A9 

80 



LDA 

#80 


207 

8 D 

OE 

A8 


STA 

lER : Disable shift register Interrupt 

20A 

AE 

50 

03 


LDX 

LSB 


20D 

BD 

00 

03 


LDA 

Table,X ; Convert LSB decimal digit to 

seven segment code 

210 

8 D 

OA 

A8 


STA 

SR 

Send LSB to shift register 

213 

AD 

OD 

A8 

LSBTST 

LDA 

IFR 

Load shift register flag 

216 

29 

04 



AND 

MASK 


218 

FO 

F8 



BEQ 

LSBTST : Test for LSB shift completion 

21A 

AE 

51 

03 


LDX 

MSB 


21 D 

BD 

00 

03 


LDA 

Table,X ; Convert MSB decimal digit to 

seven segment code 

220 

8 D 

OA 

A8 


STA 

SR : Send MSB to shift register 

223 

AD 

OD 

A8 

MSBTST 

LDA 

IFR : Load shift register flag 

226 

29 

04 



AND 

MASK 


228 

FO 

F8 



BEQ 

MSBTST 

Test for MSB shift completion 

22 A 

60 




RTS 


Return from subroutine 

300 

FC 



Table 


FC 

Seven segment code 0 

301 

60 





60 

1 

302 

DA 





DA 

2 

303 

F2 





F2 

3 

304 

66 





66 

4 

305 

B6 





B6 

5 

306 

BE 





BE 

6 

307 

EO 





EO 

7 

308 

FE 





FE 

8 

309 

E6 





E6 

9 

30A 

00 





00 

Blank 


Table 2: 6522 (VIA) Memory Map 


Address(Hex) * 

Register 

A80E 

lER - Interrupt Enable Register 

A80D 

IFR - Interrupt Flag Register 

A80B 

ACR - Auxiliary Control Register 

A80A 

SR - 8-Bit Shift Register 


U28 On SYM-01 Single Board Computer 
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Application Note 21 
TSC700A Drives LED 
Display for TSC14433 ADC 
By Wes Freeman 


The TSC700A high current driver chip can demultiplex the 
TSC14433 3 1/2 digit analog to digital converter data lines 
and drive an LED display. Because the driver powers the LED 
statically, the high transient currents associated with multi¬ 
plexed LEDs are reduced. As a result, the design eases power 
supply and component layout requirements and minimizes 
the noise at the input. 

An added feature of the TSC700A is the guaranteed 11 mA 
minimum LED drive current. This is over twice the current 
available from comparable drivers. LEDs driven by the 
TSC700A will be very bright and readable, an important con¬ 
sideration when instruments use large character height dis¬ 
plays or operate in high ambient light environments. 

The TSC14433 is a 3 1/2 dig.t A/D converter which outputs 
data via four output pins (Qo - Qa) and four data strobes 
(DS1 - DS4). The TSC700A contains four sets of 4-bit 
latches, BCD to 7-segment decoders, and static LED drivers 
with 11 mA current sink capability. 

Circuit operation for the three least-significant digits is 
straightforward. The TSC14433 puts data on the Qo-Qa out¬ 
puts and the appropriate digit strobe goes high, latching data 
into the TSC700A. 


Table 1: TSC14433 Data Output 


Coded Condition 
of Most Significant 
Digit (MSD) 

Q3 

Q2 

Qi 

Qo 

Binary-coded- 
Decimai-to-Seven- 
Segment Decoding 

+0 

1 

1 

1 

0 

blank 


-0 

1 

0 

1 

0 

blank 


+0 UR 

1 

1 

1 

1 

blank 


-0 UR 

1 

0 

1 

1 

blank 


+1 

0 

1 

0 

0 

4-1 > 

1 hook up only 

-1 

0 

0 

0 

0 

0-*1 I 

[ segments b 

+1 OR 

0 

1 

1 

1 

7 - 1 

[ and c to MSD 

-1 OR 

0 

0 

1 

1 

3- 1 ^ 



Notes: 

Qa: 1/2 digit, iow for 1, high for 0 
Q 2 : Polarity: 1 = positive, 0 = negative 

Qo: Out-of-range condition exists if Oo = 1: when used in conjunction with Qa 
the type of out-of-range condition is indicated: 

Qa = 0 -* OR or Qa = 1 UR 


Obtaining the proper data for the half digit and polarity sign 
is more complex. Truth table 1 shows the TSC14433 data out¬ 
put when DS1 goes high. The data format was designed to be 
used with a discrete polarity-driver transistor and a BCD to 
7-segment decoder that blanks the display when an invalid 
BCD digit is input. Only Q 3 and Q 2 are significant for the half¬ 
digit display, however, so a combination of these signals can 
be found to light the proper segments of the TSC700A. 

Truth table 2 shows the TSC700A display that results when 
Q 2 of the TSC14433 is inverted and shifted to Qi, and Qo and 
Q 2 are always high. If outputs A1 and Cl of the TSC700A are 
used to light the haif digit, and output FI lights the positive 
polarity indicator, then additional external LED drivers are 
not required. 

In the circuit, Q 2 is inverted by one half of the CD4013B 
D-type flip-flop and is then shifted to QI by the 74C157 quad 
2-input multiplexer. When DS1 is low data passes through the 
multiplexer unchanged. With DS2 high, the inverted Q2 
comes out instead on 2Y and both lYand 3Y are set high. The 
TSC700A iecodes the inputs as shown in truth table 2 and 
the correct segments turn on. Because no segment is “on” for 
all possible inputs an external resistor is required to turn on 
the ” segment of the polarity sign. 

A flashing display is useful for indicating overrange, and can 
be implemented with the remaining 4013 flip-flop. Normally 
the OR output (pin 15) of the TSC14433 keeps the flip-flop 
reset, enabling the TSC700A display. An analog input 
exceeding full-scale causes OR to go low, removing the reset. 
The flip-flop now toggles at the end of each conversion, 
causing the display to flash. 


Table 2: Decoded Output of the Display Driver 


Coded 

Condition 

Of Most 

Significant 

Digit 

Output 

of 

TSC14433 
Qs Q 2 

input to 
TSC700A 

With Q2 

Shifted to Qi 

And Qo, Q 2 = 1 
Bs B 2 Bi Bo 

TSC700A 

Active 

Segment 

Drivers 

Haif- 

Digit 

Display 

-1 

0 

0 

0 111 

s 

-1 

+1 

0 

1 

0 10 1 

7 

•H 

-0 

0 

1 

1111 

blank 

- 

+0 

1 

1 

110 1 

L 



15 
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TSC700A Drives LED 
Display for TSC14433 ADC 



Figure 1: TSC700A Gives 3 1/2 Digit ADC a Bright LED Display with Flashing Display on Overrange 
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Application Note 22 
Software Combines With CMOS 
LSI to Form 3 3/4 Digit DVM 
By Wes Freeman 


Single chip analog-to-digital (A/D) converters, with on-chip 
LCD or LED display drivers, have greatly simplified the 
design of sensor-to-human interfaces. However, the 3 1/2 
digit resolution (1,999 counts) typically offered is often 
inadequate. In particular, temperature systems suffer from a 
limit of 199.9 degrees farenheit with 0.1 degree resolution. In 
addition, direct drive outputs of single-chip converters make 
a microprocessor interface, which is often required for pro¬ 
cess control, very difficult. Finally, display A/D converters 
are usually limited to about three readings per second, which 
is sometimes too slow for systems applications. 

By combining a 13-bit, microprocessor-compatible, CMOS- 
LSI A/D converter with software and a CMOS display driver, 
you can expand the system’s measurement range to “3 3/4” 


digits (4095counts). This system retains the low cost, low power, 
high accuracy and excellent noise rejection of the integrat¬ 
ing A/D converter, while providing both sign-magnitude 
binary and BCD data. In addition, the system A/D converter 
can operate at speeds up to 30 readings per second. Also, all 
of the interface functions can be performed by only one LSI 
microprocessor interface chip. Hardware and software 
shown are for a 6502 microprocessor, but other processor/ 
interface devices can also be accommodated. 

The hardware of the circuit is straightforward. Both A/D 
converter L)2 and display driver U3 are interfaced to the 
microprocessor via U1, a “versatile interface adapter” with 20 
I/O lines. When the falling edge of U2’s status output indi¬ 
cates an end of conversion, U1 generates an interrupt. The 



One 1/0 device links both the A/D converter and decoder-display driver to a microprocessor. With data formatting in software, 
the circuit provides faster analog conversion speed and more resolution than 3 1/2 digit display-oriented converters. 
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Software Combines With CMOS 
LSI to Form 3 3/4 Digit DVM 


microprocessor then reads U2’s conversion data in two 
bytes, selecting the high or low-order byte via the CA2 hand¬ 
shake output. 

After converting binary data to BCD in software, the micro¬ 
processor loads LCD driver U3 via port B of U1. BCD digits 
are output on the lower four bits of port B, while the upper 
four bits serve as digit select outputs. The CB2 handshake 
output of U1 controls the polarity segment of the LCD 
display. 

Software for the 3 3/4 digit converter consists of an interrupt 
service routine and a binary-to-BCD conversion subroutine. 
In response to a CA1 interrupt, the microprocessor jumps to 
the service routine of listing 1. Using UTs peripheral control 
register to toggle U2’s byte select inputs, the microprocessor 
reads and stores two bytes of binary data beginning at loca¬ 
tion BINARY. After stripping the flag bits from the most 
significant byte, the conversion’s magnitude is stored begin¬ 
ning at BINSRC. The program transfers the sign bit to the 
display, and then tests foran overrange condition. If the A/D 
converter is overranged, "EEEE” is sent to the LCD display. If 
the input is not overranged, the BCD conversion and display 
subroutine is called. 


Binary-to-BCD conversion is accomplished by multiplying 
each binary bit by its equivalent decimal value and summing 
the bit values. Since each binary bit is some factor of two, 
only a multiplication by two is required. The multiplication 
can be reduced to a decimal add, since A+A=2*A, and the 
SED (SEt Decimal) mode provides easy BCD addition. 

The BCD conversion begins with the binary data in two 
memory locations, BINSRC and BINSRC+1, which are used 
as a 16-bit shift register. Two other locations, BCD and 
BCD+1 serve as a 4 digit BCD accumulator. The sixteen bits 
of binary data are shifted toward the most significant bit. Bits 
which are logical “1” are added, via the carry, to the BCD 
accumulator. After each shift, the BCD accumulator is added 
to itself (i.e. multiplied by two). On each succeeding pass, 
the sum of the binary bits is again multiplied by two. For 
example, bit 11 will go thru the multiplication loop eleven 
times and will then have a value of 2 4l T or 2048. Bit 4goes 
thru the loop four times, and ends with a value of 16. The sum 
of the BCD values for each bit of the binary word is the final 
BCD result. After sixteen shift/add cycles, the binary-to- 
BCD conversion is complete. 


0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

oooo 

0000 

oooo 

0000 

oooo 

oooo A800 
oooo A80C 
oooo 028E 
oooo 

028E A9FF 
0290 8D02A8 

0293 A9EE 
0295 8D0CA8 
0298 A982 

029A 8D0EA8 
029D 4C7503 

02A0 
02A0 
02AO 

02A0 00A4 

02A0 00A2 

02A0 OOAO 
02AO 02E0 
02A0 

02E0 ADO1AS 
02E3 8SA5 
02E5 85A3 

02E7 ADQCAS 
02EA 29FC 
02EC 800CA8 
02EF AD01A8 
02F2 85A4 

02F4 290F 

02F6 8SA2 
02F8 A910 

02FA 24A4 
02FC F004 
02FE A9EE 
0300 D002 

0302 A9C2 
0304 8D0CA8 
0307 A920 

0309 24A4 

0308 F006 

03OD A9FB 
030F 8D00A8 

0312 40 

0313 201D03 

0316 40 


, - -- - - 

5 3 3/4 DIGIT DVM AND 12-BIT BINARY DATA ACOUISITION 
5 SYSTEM USING THE TSC7109 AND TSC7211A, INTERFACED 
; TO A 6502 MICROPROCESSOR VIA A 6522 I/O PORT 
; 

; RESULTS ARE STORED IN FOUR BYTES OF ZERO-PAGE 
; MEMORY* BCD DATA AT "BCD" AND BINARY DATA 
; AT "BINARY" (MOST SIGNIFICANT DIGIT FIRST) 

; USER MUST PROVIDE INTERRUPT VECTOR FROM THE 
S 6522'S CAl INTERRUPT TO A ROUTINE AT "INTVEC" 


lOPRT 


.EQU 
• EQU 
SETUP .EQU 
.ORG 

SETUP10 LDA 
STA 
LDA 
STA 
LDA 
STA 
JMP 


5 SET UP 6522 FOR INTERRUPT OPERATION 

ADDRESS OF 6522 I/O PORT 
PERIPHERAL CONTROL REGISTER 
ADDR OF 6522 SETUP ROUTINE 


BINARY 

BINSRC 

BCD 

INTVEC 


;BEGIN 

.EQU 

.EQU 

.EQU 

.EQU 

.ORG 

LDA 

STA 

STA 

LDA 

AND 

STA 

LDA 

STA 

AND 

STA 

LDA 

BIT 

BEQ 

LDA 

BNE 

LDA 

STA 

LDA 

BIT 

BEQ 

LDA 

STA 

RTI 

JSR 

RTI 


0A800 

lOPRT+OCi 

028E 

SETUP 

#OFF 

IOPRT+2 

#OEE 

PCR 

#82 

lOPRT+OEi 

MAINPRG 


INTERRUPT 

0A4 

0A2 

OAO 

02E0 

INTVEC 

lOPRT+l 

BINARY+1 

BINSRC+l 

PCR 

#OFC 

PCR 

IOPRT+1 

BINARY 

#0F 

BINSRC 

#10 

BINARY 

MINUS 

#OEE 

SIGNON 

#OCE 

PCR 

#20 

BINARY 

NOTOVR 

*OFB 

lOPRT 

BIN2BCD 


SET PORT B TO OUTPUTS TO 
DRIVE THE TSC72HA 
CA1=INT ON NEG EDGE, 

CA2=L0W (POINT TO 7109 LO BYTE) 
ENABLE CAl INTERRUPT 


SERVICE ROUTINE 

STORAGE FOR BINARY RESULT 

SAVE BINARY HERE FOR BCD CONVERT 

BCD RESULT HERE (4 PACKED DIGITS) 

6522’S CAl INTERRLff>T ROUTINE 

GET DIGIT FROM 6522 
SAVE BINARY RESULT AND 
LOAD BIN TO BCD REGISTERS 
GET PCR 

TURN ON MOST SIGNIFICANT 
BYTE OF THE TSC7109 
GET MS BYTE 
SAVE MS BYTE AND FLAGS 
MASK POL AND OR BITS BEFORE 
BINARY TO BCD CONVERSION 
LOAD POLARITY-BIT MASK 
INPUT NEGATIVE? 

YES, TURN OFF "Y" SEGMENT 
INPUT POS, SO TURN ON "Y" SEGMENT 
SKIP TO SIGN-BIT OUTPUT 
CB=0, ALSO POINT TO LS BYTE 
SET SIGN ON LCD DISPLAY 
LOAD OVERRANGE MASK 
TEST FOR OVERRANGE 
CONTINUE IF NOT SET 
INPUT OVERRANGED- DISPLAY 
"EEEE" ON DISPLAY 
AND RETURN 
CONVERT AND DISPLAY 
DONE 


0310 
031D 
031D 
031D 
031D F8 
031E AOlO 
0320 A900 

0322 85A0 

0324 8SA1 
0326 26A3 

0328 26A2 

032A A900 

032C 65A0 

032E 85A0 

0330 A900 

0332 65A1 

0334 85A1 

0336 88 

0337 FOlO 
0339 18 

033A A5A0 
033C 65A0 

033E 85A0 

0340 A5A1 
0342 65A1 

0344 85A1 

0346 B8 
0347 50DD 
0349 
0349 

0349 OOA6 
0349 A202 

034B A910 

034D 85A6 

034F B59F 
0351 290F 

0353 05A6 

0355 8D00A8 

0358 290F 

035A 8D00A8 

035D 06A6 

035F B59F 
0361 4A 
0362 4A 
0363 4A 
0364 4A 
0365 05A5 

0367 8D00A8 

036A 290F 

036C 8D00A8 

036F 06A6 

0371 CA 
0372 DODB 
0374 60 

0375 
0375 


BIN2BC0 SED 
LDY 
LDA 
STA 
STA 

BCDLP ROL 
ROL 
LDA 
ADC 
STA 
LDA 
ADC 
STA 
DEY 
BEQ 
CLC 
LDA 
ADC 
STA 
LDA 
ADC 
STA 
CLV 
BVC 


#10 

#00 

BCD 

BCD+1 

BINSRC+1 

BINSRC 

#00 

BCD 

BCD 

#00 

BCD+1 

BCD+1 

DISPL 

BCD 

BCD 

BCD 

BCD+1 

BCD+1 

BCD+1 

BCDLP 


SET DECIMAL MODE FOR ADDITION 
DO 16 BITS 
ZERO THE 4 DIGIT 
(TWO BYTE) 

BCD ACCUMULATOR 
ROTATE THE 2-BYTE BINARY 
VALUE TOWARD. MSB 
ADD CARRY TO THE 
BCD ACCUMULATOR 
(IN EFFECT, THIS 
ADDS ONE TO THE 
BCD ACCUMULATOR IF 
CARRY IS SET) 

FINISHED WITH 16 BITS? 

YES, DISPLAY RESULT 
NOT DONE, SO CLEAR CARRY AND 
ADD THE BCD ACCUMULATOR 
TO ITSELF 

(I.E. MULTIPLY BY 2) 


DIGSEL .EQU 

DISPL LDX 
LDA 
STA 

DISPLP LDA 
AND 
ORA 
STA 
AND 
STA 
ASL 
LDA 
LSR 
LSR 
LSR 
LSR 
ORA 
STA 
AND 
STA 
ASL 
DEX 
BNE 
RTS 


;TRANSFER BCD DATA TO LCD DISPLAY 


0A6 
*02 
#10 
DIGSEL 
BCD-1,X 
#0F 

DIGSEL 

lOPRT 

#0F 

lOPRT 

DIGSEL 

BCD-1,X 


DIGSEL 

lOPRT 

#0F 

lOPRT 

DIGSEL 

DISPLP 


■,SHIFT REG FOR 7211 DIBIT SELECT BIT 

;TRANSFER 2 PACKED-BCD DIGITS 

;POINTER FOR 721IA DIGIT SELECTS 

; USE DIGSEL AS DIGIT PTR SHIFT REG 

;GET 2 BCD DIBITS 

jMASK THE DIGIT SELECT BITS 

5 TURN ON DIGIT SELECT 

•.OUTPUT TO DISPLAY 

jTURN OFF DIGIT SELECT 

5 SHIFT FOR NEXT DIGIT 
;GET PACKED BYTE AGAIN 
5 SHIFT RIGHT FOUR 
5 TIMES TO UNPACK 


jTURN ON DIGIT SELECT 
;OUTPUT DIGIT, THEN 
5 TURN OFF DIBIT 
; SELECT 

;POINT TO NEXT DIBIT 
; AND TO NEXT BCD BYTE 
;BRANCH IF NOT DONE 
; DONE 


Listing 1: Interrupt Handling 

In response to an interrupt from the TSC7109, the program 
first reads and stores the A/D converter’s data. After polarity 
and overrange tests, the binary data is converted to BCD and 
transferred to the LCD display. 


Listing 2: Data Formatting and Display 

This program converts binary data to BCD by multiplying 
each binary bit by its decimal value. The LCD display is 
accessed one BCD digit at a time, using a shift register in 
memory to store the digit select bit. 
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Software Combines with CMOS 
LSi to Form 3 3/4 Digit DVM 


Appiication Note 22 


Although the BCD conversion program shifts data sixteen 
times, only twelve bits are valid. This method was chosen for 
compact coding. A slight speed penalty is involved, however, 
since the program unnecessarily loops through the multipli¬ 
cation routine four times. With a 1 MHz 6502 clock, the total 
execution time (listing 1 plus listing 2) is about 1.07 mSec. 
Program execution will be slightly faster if the binary data is 
shifted left four times at BIN2BCD and the Y register loop 
counter is changed from 16 to 12. 

After conversion to BCD format, the conversion result is 
transferred to the display via Port B of U1. The display driver 



Flowchart 1: Interrupt Service Routine 

The A/D converter result is read in two bytes and then is 
tested for polarity and overrange. If not overranged, the 
binary data is converted to BCD and displayed. 


requires data to be stable on the BO-B3 inputs while the 
appropriate digit select input (D1 through D4) is strobed 
high. The program uses memory location DIGSEL as a shift 
register to sequentially address each of the four digit select 
inputs. BCD data is loaded into the 6502’s accumulator, the 
digit select bit is turned on, and the accumulator contents are 
transferred to U1. The digit select bit is then turned off and 
DIGSEL is shifted to point to the next digit. After four digits 
have been transferred the program is complete, and the 
microprocessor returns to its main program. 



Flowchart 2: Binary to BCD Conversion 

Bit by bit, MSB first, binary data is added to the two-byte 
BCD accumulator. Each time through the loop the BCD 
accumulator is added to itself. The result is that each binary 
bit is multiplied by its decimal value. 
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Software Combines With CMOS 
LSI to Form 3 3/4 Digit DVM 



Flowchart 3: Data Transfer to LCD Display 

Looping twice transfers four BCD digits to the LCD display 
decoder-driver. For each digit transferred, the four LSBs 
contain the BCD data, while one of the four MSBs is turned 
on to function as the digit select. 
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Application Note 23 
TSC800 Wide Dynamic Range 
Eliminates System Components 
By Wes Freeman and David L. Gillooly 


Micro-processor based systems, whether they be complex 
process controllers, bench top instruments, portable mea¬ 
surement devices, or computer data acquisition systems 
dominate the market place of the 1980s. Microprocessors 
maximize creativity and innovation within engineering and 
marketing teams. The ability to product differentiate and effi¬ 
ciently manufacture products for many market segments 
from one basic design "customized” through software maxi¬ 
mizes the investment return on R&D expenditures. 

The CMOS TSC800 16-bit integrating analog-to-digital con¬ 
verter was specifically designed for easy processor interface. 
The TSC800 data transfer is no more complicated than two 
memory read operations. 

Parallel 8 or 16-bit data transfer and serial data transmission 
with a Universal Asynchronous Receiver Transmitter (UART) 
is straightforward. The serial data transfer option makes opti¬ 
cally isolated systems practical and low cost. 

The 16-bit sign magnitude code maximizes dynamic range, 
resolution, and accuracy. An N bit sign magnitude ADC has 
twice the resolution of an N bit offset binary ADC. The large 


Parameter 

TSC800 

TSC7109 

Units 

Resolution 

15 

12 

Bits 

Max. Linearity Error 

0.006 

0.024 

% 

Dynamic Range 

96 

78 

dB 

Zero Scale Drift 

0.8 

0.2 

mV 




°C 

Maximum Power 
Dissipation 

20 

15 

mW 

Conversion 

Technique 

Integrating 
Duai Slope 
(4 Phases) 

Integrating 
Duai Siope 
(3 Phases) 

- 

Conversion Rate 

2.5 

40 

Conv/ 

Sec 

Differentiai Input 

Yes 

Yes 

— 

Maximum input 
Current 

15 

10 

pA 

Sign/Magnitude 

Coding 

Yes 

Yes 

- 

UART Interface 

Yes 

Yes 

— 

Internal Voltage 
Reference 

No 

Yes 


Automatic 60 Hz 
Rejection 

Yes 

Yes 

- 

Power Supply 

Voltage 

±5 V 

±5 V 


Price Per Bit 
(100 pc Quantity) 

$0.95 

$0.77 



Table I: TSC800 Electrical Specifications 


dynamic range can be used to eliminate expensive analog 
components needed to obtain full 12-bit performance with 
12-bit ADCs. 

The TSC800 integrating conversion technique eliminates the 
need for a sample hold amplifier and automatically atten¬ 
uates noise. A 400 mS measurement cycle gives a 100 mSec 
signal integration time. This provides both 50/60 Hz line fre¬ 
quency rejection. The conversion time is more than adequate 
for process control, data logging, and physical environment 
monitoring applications where “real time” is measured in 
seconds and minutes. The converter LSB size can be as low 
as 100 /aV. 

By combining digital and analog functionsonasingle CMOS 
chip, excellent resolution, accuracy, and interface capability 
are simultaneously achieved without a high price (Table 1). 
The 16-bit TSC800 costs only 12% more on a price-per-bit 
basis than similar 13-bit monolithic devices (Figure 1). When 
compared to high resolution hybrid devices, an order of mag¬ 
nitude cost savings results. When maximum conversion 
speed is not required the TSC800 offers exceptionai vaiue. 
With a reference, crystal and half dozen passive components, 
a compiete, bus-compatible 16-bit ADC is availabie. 

The TSC800 anaiog section contains an input buffer, integra¬ 
tor amplifier, comparator, and analog switches (Figure 2). 
The differential high impedance CMOS inputs have only a 15 
pA maximum leakage current. Input common mode voltage 
range extends to 1 V of the supply: common mode rejection is 
typically 86 dB. The low noise metal gate CMOS process and 
design limits noise to 15 juVp-p. A system zero phase is 
included in each TSC800 measurement cycle to cancel 
buffer, integrator, and comparator offset voltage and drift 
characteristics. An external potentiometer adjustment is not 



(12 BITS) (12 BITS) (16 BITS) 

Figure 1: High Resolution TSC800 Features High 
Performance and Low Price for Low 
Speed Systems. 
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TSC800 Wide Dynamic Range 
Appiication Note 23 Eiiminates System Components 



Figure 2; Analog and digital compatible CMOS process provides single chip 16-bit converter. 


needed to guarantee a lero output for zero volt input. 
Temperature drift at zero is automatically corrected. 

The TSC800 digital section includes an RC or crystal oscil¬ 
lator clock generator, 15-bit counter, 16 three-state data 
latches, data transfer/conversion control logic, and sign bit 
logic. The analog and digital compatible metal gate CMOS 
process allows such extensive circuitry on a single mono¬ 
lithic die. 

The oscillator control pin selects either RC or crystal oscilla¬ 
tor operation. Normally, crystal operation is desired. In this 
mode, a divide by 15 counter is inserted between the oscilla¬ 
tor and TSC800 internal counters. The divider allows a stan¬ 
dard 2.4576 MHz UART crystal to provide the 163.84 kHz 
internal clock. A 400 mSec measurement cycle results with a 
100 mSec signal integrate time for 50/60 Hz noise rejection. 


• System Zero 

• Signal Integrate 

• Reference Integrate 

• Integrator Zero 

The system zero phase (Figure 4A) begins when the internal 
analog switches connect the buffer input to analog common 
and a feedback loop closes around the integrator and com¬ 
parator. The external capacitors charge to compensate for 
buffer, integrator, and comparator offset errors. With a zero 
input at the buffer, the integrator output will remain at zero. 

Since the converter’s major error sources are nulled during 
each measurement cycle, temperature sensitivity is greatly 
reduced. The zero scale error drift, always a large error 
source in successive approximation converters, is reduced to 
typicllyO.8 nVrc. 


Sixteen three-state data latches, two control inputs, and 
three dual fuction input/data strobe outputs simplify the 
interface to peripherals. Microprocessor busses, I/O peri¬ 
pheral ports (with or without handshake control) and UARTs 
are easily supported. The data outputs are TTL-compatible 
and have sufficient current sink capability to drive a small 
processor bus directly. Data is coded in a sign magnitude 
format (15 bits Data + Sign Bit). The TSC800 provides twice 
the resolution of 15-bit offset binary converters. The sign bit 
is valid for signals less than one least significant bit giving an 
extra bit of resolution around zero. A precision nulling 
scheme may be implemented under processor control. 

The TSC800 adds two additional phases to the conventional 
two-phase dual slope integrating conversion method to 
achieve the given price and performance characteristics. The 
measurement cycle is divided into four separate phases 
(Figures). 


The signal integrate phase follows (Figure 4B). The differen¬ 
tial input signal is applied to the integratorfor 16,384 internal 
clock cycles. The integrator output at the end of the fixed 
time is proportional to the input. Since the integrate time is 
fixed by the clock period, the interval can be adjusted to give 
maximum attenuation of repetitive waveforms such as 50/60 
Hz power line signals. A 100 mSec integration rejects 50,60 
and 400 Hz signals. 

In the reference integrate or deintegrate cycle (Figure 4C), 
the reference capacitor, which was charged to the reference 
voltage during system zero, is conneced to ramp the integra¬ 
tor back toward zero. The 15-bit counter is enabled and 
counts until a zero crossing is detected by the comp arator . 
Data is transferred to the data latches and Data Valid (DVD) 
goes low. This cycle normally lasts 32,678 clock period. 

The final phase is integrator output zero (Figure 4D). This 
phase provides a rapid recovery from overloads by connec- 
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Figure 3: TSC800 integrating converter updates conventional dual slope conversion with system zero and 
integrator zero phase. 


ting the comparator output to the buffer input for 4096 ciock 
cycies. Any charge remaining in the integration capacitor is 
removed, aiiowing an accurate system zero cycle. 

The TSC800 supports either cont inuou s or convert on com¬ 
mand operation. When the Conv/Stop input is low, the con¬ 
verter remains in the system zero phase. A new conversion 


will not begin until Conv/S top g oes high. Conv/Stop has no 
effect whe n Data Valid (DVD) is high, but pulsing the 
Conv/Stop low after a comparator zero will immediately ter¬ 
minate reference integrate and cause entry into the zero inte¬ 
grator phase. In this case, the conversion rate will vary with 
input signal magnitude. 
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4A: TSC800 System Zero Phase 
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4B: TSC800 Input Signal Integration Phase 
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Figure 4; Internal analog gates automatically configure analog circuits for four phases of TSC8dO 
measurement cycle. 
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15’Bit Resolution Eliminates 
Gain Amplifiers 

Along with high accuracy and resolution, the TSC800 large 
96 dB dynamic range solves problems usually needing addi¬ 
tional analog components. Since each analog component 
adds an error term, eliminating unnecessary devices in¬ 
creases system accuracy and reduces cost. Error budget cal¬ 
culation and allocation for the design engineer is also made 
easier. 

A circuit capitalizing on the TSC800 wide dynamic range is 
shown in Figure 5. The TSC800 dynamic range eliminates a 
precision analog amplifier. Twelve-bit resolution and accu¬ 
racy is desired for digitizing the analog signals from ± 0.4096 
V to ± 3.2768 V. A 12-bit ADC cannot accomodate this range 


PROGRAMMABLE 
GAIN AMPLIFIER 



Figure 5: 15-Bit Dynamic Range Converter 
Eliminates Programmable Gain 
Amplifier. 


without sacrificing resolution. The 12-bit ADC based system 
normally resolves the dilemma by using a programmable 
gain amplifier with gains of 1,2,4, and 8.Thisamp!ifieris, un¬ 
fortunately, expensive and a system error source. 

The 15-bit TSC800 based system replaces the programmable 
gain amplifier and, through a software routine, full 12-bst 
resolution is achieved. The TSC800 can be viewed as a 16-bit, 
± 0.4096 V full-scale ADC with a built-in gain of eight (Figure 
6). Analog inputs up to ± 0.4096 V are correctly converted by 
the TSC800 to 12-bit resolution. The Data bits B15, B14, and 
B13 will be logic “0”. 

If the applied anaiog input is greater than ± 0.4096 V, the host 
computer can divide the 15-bit output to adjust for a 12-bit 
full-scale input. Dividing by 2,4, or 8 corresponds to reducing 
the TSC800 “internal amplifier” gain to 4,2, or 1, respectiveiy. 
The TSC800 gives fuli 12~bit resolution at the maximum fuil- 
scale input, even with the non-zero starting point. 

The necessary division is easily accomplished by software 
with a simple right shift of the TSC80015-bit output (exclud¬ 
ing the sign bit). Shifting right one, two, orthree times divides 
by 2,4, or 8. Bits B15, B14,and B13should be set to zero after 
the shift operation, since the sign bit wili shift into the most 
significant bits during the operation. 

Current Loop Monitoring Benefits 
From Wide Dynamic Range 

Another design simplification made possible by using high 
dynamic range converters involves the popular industrial 4 to 
20 mA current loop. The task is to provide a 12-bit 
conversion. 

A simple resistive current to voltage conversion causes a 
0.1024 V output offset voltage (Figure 7A). The offset causes 
a problem because the maximum analog input is 0.512 V. The 
ADC must have a 0.512 V full-scale range; an ADC which 
digitizes inputs from 0 to 0.512 V with 12-bit resoiution 
cannot provide 12-bit resolution for the reduced input span 
of 0.4096 V (0.512 V to 0.1024 V). 
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An operational amplifier can be used to cancel the 0.1024 V 
offset (Figure 7B). The net ADC input voltage for a 4 mA (zero 
signal) input is OV. The op amp operates at unity gain giving a 
0.4096 V full-scale input. The op amp allows a 12-bit resolu¬ 
tion conversion. 

The offset cancellation scheme works, but the price paid is 
high; the active component and five passive components 
increase cost, consume board space, and lower reliability. An 
offset adjustment procedure must be performed during 
production and the potential for field misadjustment in¬ 
creases. 


The TSC800 dynamic range allows the op amp and passive 
components to be eliminated by a software-generated “offset 
voltage.” The TSC800 easily digitizes the 0.1024 V to 0.512 V 
input to 12-bit accuracy. A simple 1024-count software sub¬ 
traction from the 15-bit conversion produces a 12-bit, OV to 
0.4096 V conversion (Figure 7C). 

The reduced part count and one less calibration step will 
offset the additional 15-bit ADC cost. The system accuracy 
and increased reliability also enhance end product value. 



7A: Resistive Current to Voltage Conversion Causes Offset Voltage. 



7B: For 12-Bit Resolution An Offset Cancelling Op Amp is Needed. 



7C: Offset Voltage Corrected in Software Subtraction Routine. 


Figure 7: 16-Bit Dynamic Range ADC Provides Full 12-Bit Resolution Without Analog Offset Correcting 
Components. 
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Automatic Tare Weighing System 
Eliminates Analog Components 

The digital offset correction scheme is usefui in digital 
weighing systems where automatic tare is desired. Auto-tare 
weighing systems automaticaiiy subtract the container’s 
weight from a measurement: the scaie displays a true reading 
just of the contents weight. The container’s weight must be 
measured, stored, and subtracted from the total weight. 

A strain gauge or load cell represent typical weight sensors. 
Strain gauge output levels are below the resolution level of 
ADCs: amplification is required. Amplifier-related errors are 
unavoidable, but become magnified in auto-tare systems. 
The container weight must be subtracted from the total 
weight to yield the true content weight. 


One circuit that subtracts uses a sample/hold amplifier and 
operational amplifier (Figure 8A). With an empty container 
on the weighing platform, the sample/hold amplifier samples 
and holds the op amp output voltage. The voltage stored on 
the sample/hold amplifier hold capacitor represents the 
container’s weight. The sample/hold output is connected to 
the op amp’s inverting input, effectively subtracting the 
container’s weight. The analog components to store the 
container’s weight limit system performance. For example, 
the sample/hold droop rate will limit the maximum allowable 
time between sampling the container’s weight and weighing 
the filled container. The operational amplifier gain must also 
be calibrated. 




Figure 8: TSC800 Scale System Eliminates Analog Droop Errors and Precision DAC. 
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The droop rate problem inherent in the sample hold subtract 
circuit can be avoided by using a digital-to-analog converter 
(DAC) for the feedback subtraction voltage. Figure 8B shows 
the sample/hold replaced by a DAC. The host computer 
converts the op amp output to a digital value through an 
ADC. The digital value is stored and transmitted to the DAC. 
The reconverted subtraction voltage applied to the op amp 
input is not subject to droop errors. The time interval between 
container weighing and substance weighing is unlimited. 

The DAC-based subtraction circuit has drawbacks. The DAC 
must be calibrated so its output exactly tracks the ADC full- 
scale input voltage. The container weight correction occurs 
in discrete steps, so the DAC dynamic range must match the 
range of container weights to be encountered. If not, the 
cancellation circuit resolution will limit system accuracy. 
This constraint becomes significant when the container is a 
significant percentage of total. Weighing gravel in a truck or 
aspirin in a glass bottle are two examples. 

The TSC800 large dynamic range makes analog components 
unnecessary. In Figure 8C, the TSC800 first measures the 
container weight. The digitai value is stored in memory and a 
second conversion is made with total load. A software routine 
subtracts the stored container weight and the result Is tare 
weight. 

The TSC800 method is conceptually the same as the DAC- 
based system. Several advantages make the TSC800 solution 
better. The ADC performs both conversions, so full-scale 


errors cancel. The 15-bit TSC800 gives impressive resolution 
and range; 20,000 pounds of gravel in a 12,000 pound truck, 
or 0.01 gram of aspirin in a 300 gram bottle! 

Data Bus Interface 

A commercially successful analog-to-digital converter must 
offer more than high resolution and accuracy for wide market 
acceptance. The converter’s data transfer capabilities are 
equally important. A converter able to fit easily in 8 or 16-bit 
data systems, as well as serial configured systems, will be 
widely used and offer long-term price advantages over less 
functional components. The TSC800 transmits data in two 8- 
bit parallei words, or one 16-bit wide byte. Serial transmis¬ 
sion through Universal Asynchronous Receiver Transmitters 
(UARTs) is possible by using the handshake data transfer 
mode. Continuous or convert on command conversions are 
possible. The TSC800 can be used in interrupt-driven data 
transfer applications. 

Data transfer is completely under user control with the 
TSC800. The bus interface mode allows a di rect c onnection 
to a proces sor data bus. The dual function LBEN (Bits 1-8) 
and HBEN (Sign, Bits 9-15) inputs along with chip enable 
(CE) activate the three state data outputs. 

Figure 9 pictures a typical interface. Address bit AO and ^ 
drive the byte select inputs. Additional decoded address bits 
enable the TSC800. A complete 16-bit data transfer requires 
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two memory read operations. All 16-bit data lines can be 
active for 16-bit wide dat e bus (Figure 10). Monitoring the 
TSCSOOdata valid signal (DVD) allows the user to verify data 
did not change during the two byte operation. 
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Parallel Data Transfer > Two 8-Bit Bytes 


The bus data transfer mode supports interfaces using peri¬ 
pheral input/output chips like the 6522 Versatile Interface 
Adapter and 8255 Programmable Peripheral Interface 
Device. Data access involves selecting and reading two I/O 
ports. The interface in Figure 11 does not need additional 
software, as the 6522 and 8255 I/O ports initialize as input 
ports at power-up or on reset. 

A data error may result if data changes — because of a new 
conversion update -- between the processor’s high and low 
byte read cycles. An easy error detection scheme is 
implemented with the periph eral I /O chip programmed for 
strobed input operation. The DVD signal is used to strobe 
data into the I/O chip. The strobe signal also sets the I/O chip 
interrupt flag, but a processor interrupt is prevented by 
clearing the interrupt enable register. To access data, the 
microprocessor reads port A (which resets Port A’s interrupt 
flag), then port B, and finally the port A interrupt flag. If port 
A’s interrupt flag is set, an output data latch update occurred 
during the read cycle. If the interrupt flag remained clear, 
then both data bytes are valid. 
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Figure 10: Three state data bus controiied by byte 
select and chip enabie controi signais. 
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Figure 11: Using an I/O port simplifies /xP interfacing. Reading the interrupt flag register prevents data overrun. 
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Serial Data Transfer 
With Handshake Mode 

The TSC800 actively controls the data transfer to peripherals 
in the handshake data output mode. The load strobe 
(LDSTRB) output signal indicates valid data is availab le for 
the periphe ral receiv ing device. The low byte (LBFLG) and 
high byte (HBFLG) outputs signal which data byte is 
available. The data request input signal (DRQST) informs the 
TSC800 a peripheral is ready to accept data. A complete 
cycle transfers two 8-bit bytes. 

The handshake mode suports remote data acquisition 
^systems using serial data transmission through current loop, 
RS232 or fiber optic data links. Universal Asynchronous 
Receiver Transmitter (UART) communication ICs providean 
inexpensive parallel to serial conversion. Start, stop, and 
parity bits, if required, are automatically inserted on trans¬ 
mission and removed on reception. Data Transmission errors 
are automatically flagged. The TSC800 handshake mode 
exactly matches UART input and control requirements, 
making serial datatransmission a practical reality (Figure 12). 
The UART relieves the system engineer from designing a 
complex serial data transmission subsystem. The easy 
TSC800 to UART interface lets the design engineer focus on 
the data acquisition task, rather than chip interfacing details 
and serial interface protocols. UARTsare multi-sourced in a 
variety of technologies: CMOS, NMOS, and PMOS. Some 
devices lower system part count by including on-chip baud 
rate generators. 

Serial data transfers, especially in high resolution systems, 
are often dictated on a cost basis when the ADC distance 
from the digital processing unit exceeds several feet. Serial 
transmission greatly reduces the number of cables and line 
driver/receiver units. When system isolation through optical 
couplers is desired, cost savings are magnified. 

A complete serial data link is shown in Figure 13. TheTSC800 
handshake mode is set each time the UART receives a 
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character. The TSC800 automatically transmits two parallel 
bytes to the UART for serial transmission. The converter’s 
2.4576 MHz clock serves double duty by driving the F4702 
baud rate generator. Serial data rates between 50 and 19,200 
baud are selectable. 

When the UART receives a word, the Data Received (DR) 
output goes high, forcing the TSC800 into the handshake 
data transfer mode. Once the handshake mode is entered by 
settin g the TSC800 internal handshake flip-flop, the 
BUS/HAND input pin state is ignored. 

The DATA REQUEST (DRQST) input Is tested for a high 
UART TRANSMIT BUFFER REGISTER EMPTY (TBRE) 
signal that Indicates the UART is ab le to ac cept data. With 
TBRE high, the High Byte Data Flag (HBFLG) goes low and 
the sign bit plus B 15-B9 data bits become active. The Load 
Strobe (LDSTRB) pulse latches the data into the UART 
transmitter holding register and resets TBRE. The TSC800 
tests DRQST again for an indication the UART has sent the 
first data byte and is ready to accept data (TRBR = 1). LBFLG 
goes low and output bits B1-B8 become active. LDSTRB 
pulses low again, latching the final byte into the UART. The 
LBFLG transition also resets the UART Data Received (DR) 
output and ends the handshake transfer. Only one conver¬ 
sion is transmitted in response to each word received by the 
UART. 

The TSC800 data latch updating is prevented during the 
handshake to eliminate improper data transmission. The 
transmitted da ta is a lways the result of the conversion com¬ 
pleted before BUS/HAND went high. Conversions can be 
continuously transmitted, if desired, by tying HAND high. 
The handshake mode is then entered at the end of each 
TSC800 conversion. 

Access to several converters can be achieved with only one 
UART. Two TSC800 converters in Figure 14 give a two- 
channel link. Output decoding provides room for 6 more 
ADCs: up to 256 TSC800S can be addressed with additional 
decoders. 


SIGNAL CONNECTIONS 



Figure 12: UART interface uses data request signai to control handshake data transfer. 


15 


15 - 77 


TELEDYNE SEMICONDUCTOR 






Application Note 23 


TSC800 Wide Dynamic Range 
Eliminates System Components 


The data handshake starts, as before, by the host computer 
sending a word to the UART. The word’s three least 
significant bits (LSB) address the desired TSC800. The three 
LSBs are de coded by a three of eight decoder which drives 
the TSC800 BUS/HAND control input. When the word is 
received, the DR output also goes high. An RC network and 
CMOS Schmitt trigger delays the DR signal to allow the 
decoder outputs to settle. The delayed DR pulse enables the 
decoder and the selected TSC800 is pulsed into the hand¬ 
shake mode. Note that once the handshake mode is entered, 
the HAND input signal is ingored. The delayed DR output al¬ 
so causes the DATA RECEIVED RESET input to go low. This 
resets the DR output and disables the decoder until another 
word is transmitted from the host computer to the UART. The 
selected TSC800 transmits the last data conversion to the 
host computer. 

Also shown in Figure 14 is a less expensive baud rate genera¬ 
tion circuit. A simple CMOS counter can provide common 
baud rates between 300 and 9600, since the required 
frequencies are multiples of the 2.4576 MHz TSC800 clock. If 
more than two ADCs operate from one crystal, the BUF OSC 
pin should be buffered with an external CMOS buffer. 

Interrupt Data Transfer Uses 
Handshake Mode 

The handshake mode is not limited to serial data transmis¬ 
sion applications. A system using peripheral I/O circuits like 
the 6522 or 8255 for interrupt-driven data transfers can use 
the handshake mode. Only one 8-bit port is required, freeing 
I/O pins for other tasks. The handshake interface guarantees 


data will not be accessed as the internal data latches are 
updated. Two processor interrupts will transfer data. 

The TSC800 to 8255 interface in Figure 15 uses HAND tied 
high. This forces the handshake mode whenever a new 
conver sion i s completed. The 8255 negated INPUT BUFFER 
FULL (IBFA)signal is the DRQST input signal. LDSTRB 
strobes data into the 8255 port latch and sets the data request 
(IBFa = 1) signal. DRQST is removed and the TSC800 
remains in the handshake mode checking DRQST for the 
next data byte request. Once IBF is set, the 8255 generates an 
Interrupt request. During the interrupt service routine, port A 
is read resetting the IBF bit. The second data byte request is 
generated and the low data byte becomes active. LDSTRB 
Initiates the second interrupt request cycle. A similar 
interface based on the 6522 is shown in Figure 16. 

Versatility and Performance 
At An Affordable Price 

The TSC800 design achieves 0.006% linearity without requir¬ 
ing laser trimming. Self-correction circuits automatically 
compensate for CMOS amplifier shortcomings. This lowers 
process complexity and increases reliability; both factors 
contribute to a modest selling price and low non-delivery 
risk. A proven metal gate CMOS process was chosen for the 
TSC800 to guarantee manufacturability. The development 
programs focused on functional performance, technical 
specifications, and device producibility. The TSC800 gives 
the designer interface options and excellent electrical 
performance at a price that will make new products and 
systems technically feasible and financially successful. 



Figure 13: Serial data transmission Is easy when the ADC logic includes UART handshaking signals. The 
TSC800 monitors its DATA REQUEST pin until the UART is ready to receive data. 
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Figuie 14: Accessing any one of several remote TSCSOOs is simple. Just send the ADC address in the word that triggers handshaking. 
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APPENDIX A 

Integrating Analog-to-Digital 
Converter Basics 


Successive approximation converters output digital words 
proportional to the input voltage at a given time. If the input 
level shifts before all bits are resolved, the conversion will be 
grossly in error. To prevent this sample-hold circuits often 
precede the SAR ADC. Noise may also make the conversion 
unuseable or unrepeatable. The integrating converter digital 
output represents the input signals integral over a given time 
period: the output code is proportional to the input signal 
average value during the time period. 


Where: 

Ni = # Clock Periods in Integration Phase 
fc = Counter Clock Frequency 

Following the signal integrate phase, a constant magnitude 
reference voltage is applied to the integrator input. With a 
polarity opposite to the input signal, the reference signal 
ramps the integrator output toward zero at a constant rate. A 
counter totals the number of clock pulses until a comparator 
signals the integrator has returned to zero volts. 


Most commercially available, integrating converters use the 
dual slope conversion technique (Figure A). As the name 
implies, two phases make up a complete measurementcycle: 

• Input Signal Integrate: Integrate phase 

• Reference Voltage Integrate: Deintegrate phase 

The basic quantization unit for successive approximation 
converters is current. Integrating dual slope converters use 
time. Time is easily monitored by counting clock pulses. 
Accuracy is excellent, being limited only by short-term clock 
stability. Low differential and integral linearity errors are 
easily achieved without expensive and drift-prone laser trim 
techniques. 

The analog input is integrated for a fixed time Ti: 


Integration 

Time 


Ti 




C| 



SIGN Bfj 


Figure A: Integrating Dual Slope Converter Uses Time to Quantize Input Signal. Accuracy Set by Short Term 
Oscillator Clock Stability and Reference Stability. 


15 - 81 


" 0 ^ TELEDYNE SEMICONDUCTOR 







Application Note 23 


TSC800 Wide Dynamic Range 
Eliminates System Components 


Since the “ramp-up” and “ramp-down” voltages are equal, a 
simple formula characterizes the conversion: 

“Ramp-Up” Voltage — “Ramp-Down” Voltage = 0 


1 

RC 


/ 

•/n 


NiTc 


ViN (t) dt = 


1 



NuTc 
Vr dt 


Where: 

Ni = # Clock Pulses in Signal Integrate Period 
(Fixed) 

Nu = # Clock Pulses in Reference Integrate Period 
(Variable) 

Tc = Clock Period 
Vr = Reference Voltage 
ViN(t)= Input Signal 



NiTc 

ViN (t)dt = Vr NuTc 


1 

NiTc 



NiTc 

ViN (t) dt = 


VlN’ 


^Vr 

Ni 



Where Vin = Average Value of ViN(t) over the Integration 
Period Ti. 

The number Nu is stored in an internal counter. The counter 
can be decoded to give binary, BCD, or seven-segment visual 
display information. 

The conversion accuracy does not depend on the external 
RC values. Reference stability and the equality of clock 
periods between phases establish basic accuracy limits. Os¬ 
cillator stability is only required forthe 10 to 400 mSec typical 
conversion times. 

Automatic polarity detection for sign magnitude coding is 
easy. The comparator output provides a polarity indication 
that can select the proper polarity reference during the 
reference deintegrate phases, as well as set a sign bit flip- 
flop. Dual polarity converters store the reference voltage 
across a capacitorthat is switched into the integrator with the 
proper polarity. Low charge injection switching and a large 
external reference capacitor give excellent full-scale sym¬ 
metry. Differences in full-scale conversions for equal magni¬ 
tude but opposite polarity signals can be as low as 1 count. 
An N bit + sign integration converter has twice the resolution 


of an N bit offset binary ADC (Figure B). The sign bit is also 
accurate for signals less than 1 LSB. This can be useful in 
precision nulling applications. 
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Figure B: Sign magnitude coding gives twice the 
resoiution of offset binary. 


By adding a system zero phase to the measurement cycle 
input buffer, integrator and comparator offset voltage and 
temperature induced offset drift errors can be eliminated. 
Manufacturers can easily guarantee a zero digital code for 
zero volt input without requiring any user adjustments. This 
is a real advantage since integrating converters typically 
operate with the LSB representing 100 /xV. 

The simplified system zero loop in Figure C shows the inputs 
disconnected from the analog signal inputs and grounded. A 
loop is closed around the comparator so its Vos error is also 
corrected. During the auto-zero time period, compensating 
error voltages are stored on the system zero capacitor Caz 
and integration capacitor Ci. 
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Figure C: During system zero phase offset voitage error correction voitages are stored. 


With Si, S 2 , and S 3 reconfigured for the signal integrate 
period, a set of simple equations explains how offset voltage 
error terms are cancelled. 

A conversion ends when the comparator indicates a zero 
crossing has occurred: 

Vosi - Vosc - NiTc + (NuTc) = (Vosi - Vosc) =0 
RiCi RiCi 

Vr (NuTc) = ViN (NiTc) 

Vin = Vr 

As in the ideal circuit, Vin is directly proportional to the stored 
count; all offset error terms are removed. 


A further refinement may be added to the dual slope con¬ 
verter with automatic offset voltage correction. The integra¬ 
tor output is assumed to be at zero volts when the system zero 
phase is entered. The integrator may, however, not return to 
zero due to an over-range input signal. This is common in 
multiplexed systems. In such a case, a charge proportional to 
the output voltage is transferred to Csz. The system will not 
zero offset correctly until the transferred charge has 
dissipated. The circuit time constant is large — Ri (Csz + Ci) 
— taking several conversion cycles to decay (Figure D). 

An additional phase in the measurement cycle corrects for 
overrange induced errors. The comparator is reconfigured to 
form a feedback loop around the integrator. The circuit time 
constant is reduced, since the integration resistor is now 
driven by a signal proportional to the integrator output rather 
than being fixed at ground potential (Figure E). 


INPUT 



Figure D: Non-zero integrator output causes error when system zero cycle is entered. 
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TSC800 Wide Dynamic Range 
Eliminates System Components 



Figure E: Integrator zero cycle returns integrator 
output to zero volts before system zero 
cycle is entered. 


Integrating converters provide noise rejection automatically 
with at least a 20 dB/decade attenuation rate. In addition, in¬ 
terference signals with frequencies at integral multiples of 
the integration period are theoretically completely removed. 
This intuitively makes sense, since the average value of a sine 
wave of frequency 1/T averaged over a period T is zero. The 
finite time integrator frequency attenuation characteristic is 
easily derived by doing a Fourier transform on the circuits 
impulse response function (Figure F). 

Integrating converters often establish the integration period 
to reject 50/60 Hz line frequency interference signals. The 
ability to reject such signals is shown in a normal mode 
rejection plot (Figure G). Normal mode rejection is practi¬ 
cally set to 50-65 dB, since the 50/60 Hz line frequency can 
deviate by a few tenths of a percent (Figure H). 



2 3 4 6 8 10 20 30 40 B" 80 100 

FREQUENCY (Hz) 


Figure G: Normal Mode Rejection Vs. Input 
Frequency. 



LINE FREQUENCY DEVIATION FROM 60 Hz (%) 


Figure H: Integrating converter normal mode 
rejection vs. 60 Hz line frequency 
variations. 
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IMPULSE 
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A: Ideal Integrator 


B: Ideal Fixed Time Integrator Impulse 
Response 


H 



—jwT 

h(t) e dt = 


SIN (coT/2) 
coT/2 


eHcoT/2 


C: Ideal Fixed Time Integrator Frequency Response 


Figure F: Frequency domain response of finite time integrator explains noise rejection characteristic of dual slope 
ADC. 
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Application Note 24 
TSC7109 Records Remote 
Data Automatically 
By Wes Freeman 


A Teledyne Semiconductor analog-to-digital converter, a 2k- 
byte CMOS static RAM, and some gates and counters can be 
combined to form a low cost, flexible, stand alone data log¬ 
ging system. Allthe ICsareCMOSand the clock frequency is 
low, so power supply current isonlya couple of milliamperes. 
The unitwill stores 13-bitconversion (12-bit plus sign) in two 
consecutive bytes of memory, with a programmabie time 
interval between measurements. The circuit is useful for 
logging temperature or other process control variables in 
remote iocations or hostile environments. It is also useful in 
the lab for making unattended, repetitive measurements of 
long term drift, component aging, etc. 

The heart ofthecircuitisaTSC7109 (IC1), a 12-bit pius sign 
CMOS A/D converter. The TSC7109 has a handshake mode 
in which the result of the latest conversion is output, in two 
consecutive bytes, each time the MODE input isstrobed high. 
The data logger stores each byte in sequential RAM locations 
for later processing bya host computer. The IDT 6116 CMOS 
static RAM stores 2048 bytes and therefore can store 1024 
readings. This permits, for example, one 13-bit measurement 
per hour for seven weeks. 


Timing for the circuit is provided by IC3, operating with an 
inexpensive 32 kHz crystal. The crystal can be replaced with 
a resistor and capacitor if precise timing is not required. The 
Q4 output of IC3 provides a clock frequency to the A/D con¬ 
verter that produces excellent 50 Hz, 60 Hz, and 400 Hz noise 
rejection. The Q12 output of IC3 is a 2 Hz square wave, which 
is divided by two in IC4A. The resulting 1 Hz output is applied 
to the input of ICS, a 12-stage counter. The outputs of ICS are 
decoded by a NAND gate to produce any desired interval 
between readings, to a maximum of 68 minutes. At the end of 
the time interval, IC4B generates a pulse which resets the 
counter and places the TSC7109 in the handshake mode. 

When the TSC7109’s MODE input is pulsed high, the res ult of 
the latest conversion is output in two bytes. First, HBEN goes 
low, outputs B 9 through B12, POL and OR beco me active, 
and CE/LOAD goes low. After one clock cycle CE/LOAD 
goes high and the high byte of the conv ersion is latched into 
memory. The rising edge of CE/LOAD ais o incre ments IC6, 
to add ress the next memory location. Then HBEN goes high, 
LBEN goe s low, outputs B1 through B8 become active ^ 
CE/LOAD again goes low for one clock cycle. After CE/ 
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Application Note 24 


TSC7109 Records Remote 
Data Automatically 


LOAD goes high the low byte of the convers ion is latched into 
memory, IC6 is again incremented, LBEN goes high and the 
data outputs return to their high impedance state. 

Data can be read out of RAM by any micro or minicomputer. 
An I/O port with handshaking (6522, Z8420, 8255A, etc.) 
makes the task easy. The I/O port is simply programmed to 
prooduce a handshake strobe when the port is read. The 
strobe then increments 106 after each byte is read and- 
sequences through RAM automatically. Figure 2 shows pin 
connections for a 6522 I/O device. 

Because of CMOS’s low power requirements, battery power 
is ideal for the data logger. Average power dissipation of the 
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Figure 2: Connecting 13-Bit Remote Data Logger to 
6522 i/0 Port for Data Readout. 


TSC7109 is only 10.5 mW, and the IDT 6116 is in its power- 
down mode (Isy = 20 /uA) except for the time when CS is low. 
Power dissipation, therefore, is only about 15 mW. On-board 
battery operation allows modules to be exchanged at remote 
locations and returned to a central location for data removal 
and analysis without danger of data loss, 

The TSC7660, a DC to DC converter, permits the circuit to 
operate from a single power supply. This CMOS device con¬ 
tains a switch matrix and on-board oscillator which convert a 
positive voltage to negative polarity with a power efficiency 
of about 98%. Using the TSC7660, as shown in figure 3, per¬ 
mits the circuit to operate, for example, on two small 3-volt 
lithium cells. 



Figure 3: For Single-Supply Operation, Use the 
TSC7660 DC to DC Converter 
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Application Note 25 
TSC426/427/428 System 
Design Practice 
By David Gillooly 


The TSC426/427/428 fast switching times are made possible 
by a low impedance CMOS output stage. The high peak 
currents make 30 ns rise/fall times possible. 

The rapid rise/fall times do, however, require systems be 
designed with adequate power supply decoupling and stray 
lead inductance minimization. Practices which are adequate 
for 1 fjs rise/fall times and 20 mA peak currents will not be 
adequate with TSC426 family. The same laws of physics 
apply in both systems. The results may be negligible In one 
and of prime importance in another. 

For example, a 0.1 /jH power lead inductance (4” of 0.025” 
diam. wire) can cause a voltage spike 1000 times larger in a 
fast system with an unbypassed supply. 


Low Speed System High Speed System 


Ls = 0.1 ywH 

>-s 

= 

0.1 fjH 

AVqut = 18 V 

A Vqut 

= 

18 V 

t = 1 //s 

t 

= 

30 ns 

IpK = 20 mA 

IpK 

= 

600 mA 

Cl = 1000 pf 

Av/ 1 

^ ^supply — dt 

Cl 

= 

1000 pf 

A Vgypply 

= 

=: 2mV 


3= 

2.0 V 


The system design practices needed are not difficult to 
apply. The simple good engineering practice of bypassing 
the power supply, minimizing stray lead inductance, and 
grounding unused driver inputs will solve most system 
problems. Nothing new is required-just a little careful applica¬ 
tion of techniques common to any high speed CMOS 
system. 

The TSC426 family outputs are CMOS. Low quiescent power 
and high output voltage drive (very important with 5 V 
supply operation) result. Since the outputs are CMOS the 
potential for activating a parasitic SCR exists. This must be 
avoided to prevent potential device destruction. If the 



C 

HE 

Vcc (PIN 6) 

P-CHANNEL 

INTERNAL 

-^1^ TSC426 

HE 

( 

N-CHANNEL 

!) GROUND (PIN 3) 


Figure 1: TSC426 Output. 


TSC 426 output, like any CMOS chip, is driven below ground or 
above the positive power supply an internal parasitic SCR 
can be turned on. The high current flow can damage the 
device. The actual TSC426 output stage is shown in Figure 1. 
The 1C layout and simplified equivalent SCR circuit are 
shown In Figures 2 and 3. 



- Vcc (PIN 6) 

Rl 


<3 0 ^ 

-GROUND (PIN ^ 


Figure 3: Equivaient SCR Circuit. 

The 1C parasitic SCR can be turned on if Dp is raised above 
Vcc or if Dn is forced below ground. An inductive load at the 
output can also create a voltage swing at the output that 
exceeds the positive supply or undershoots ground. 

If the output is raised above the positive supply, current is 
injected into the emitter of Q1 and swept into the collector. 
The Q1 collector feeds the base of Q2 and R2. When the base 
of Q2 reaches 0.6 V Q2 turns on. This forces Q1 on. The SCR 
is now “fired” shorting the positive power supply to ground. 
A similar situation exists when the output is driven below 
ground. 

The internal SCR can also be triggered by excessive voltage 
on the power supply that results in internal voltage breakdown. 
The current injected can trigger the SCR action. 
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TSC426/427/428 
System Design Practice 


By limiting the current Injected into the TSC426 output when 
the output is above the positive power supply latch up is 
avoided. The limiting current is: 

i<__ 

R2 II RONP 
where: 

RONP = ON resistance of P channel device. (15 ohms 
maximum) 

Vbe = Q 2 base emitter turn on voltage. 

(Approximately 0.6 V) 

R2 = Bulk resistance 

Assuming the ON resistance dominates, the current should 
be limited to 40 mA. A similar analysis with the output below 
ground indicates the current pulled out of the TSC426 out¬ 
put should be limited to 60 mA. The maximum allowable 
latch current is temperature sensitive. At high chip tempera¬ 
ture the base emitter voltages are reduced. A1 ®C rise lowers 
Vbe by 2.2 mV. 

Current limiting with a series output resistor may not be 
practical in all systems. The output rise and fall times may 
increase. An alternate solution uses low forward voltage 
output clamp diodes to bypass the SCR trigger current 
around the device. 

External output clamp diodes prevent the TSC426 output 
from being pulled far enough outside the power supply 
range to turn on the parasitic SCR. 



Figure 4; Diode Output Clamp Prevents SCR Action. 


The external diodes must have a lower forward on base to 
emitter voltage than the parasitic transistor junctions. 
Schottky small signal diodes are suitable. Several possible 
types are; 

• Hewlett Packard; P/N 5082-2303 

• Motorola; P/N MBR120P 

• Varo: P/N VSB52 (Four diode bridge) 

To be effective the output clamp diodes must be connected 
close to the output, supply and ground device pins. 


STRAY INDUCTANCE IN POWER SUPPLY 



STRAY INDUCTANCE IN POWER SUPPLY CAN CAUSE VOLTAGE AT V*" 
TO EXCEED ABSOLUTE MAXIMUM RATING. SOLUTION IS TO BYPASS 
SUPPLY AS CLOSE TO PINS 6 & 3 AS POSSIBLE, 


Figure 5: Stray Supply Lead Inductance Can Decrease 
Reliability. 



1. LOW INDUCTANCE 0.1 CERAMIC DISK OR MONOLITHIC CAPACITORS 

2. BYPASS AS CLOSE TO PIN 6 & 3 AS PHYSICALLY POSSIBLE 

3. REMEMBER: UNUSED INPUTS SHOULD BE GROUNDEDI 

4. BYPASSING IS IMPORTANTI 


Figure 6; Suggested Bypass Procedure. 



Figure?: TSC426 Has CMOS Inputs. Speedup 
Capacitors Are Not Required. 
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Supply bypass capacitors must also be connected between 
Vcc 6) ai^cl Ground (Pin 3). Connections must be close 
to the actual device pins (approx. 0.5”). A 0.1 ywf ceramic disk 
capacitor in parallel with a 4.7 yuf tantalum capacitor is 
suggested. Without supply bypassing, power supply lead 
inductance can cause voltage breakdown. The bypass 
capacitors also supply the transient current needed during 
capacitive load charging. 

A 10 to 15 ohm resistor in series with the power supply filters 
voltage spikes present at the TSC426/427/428 supply terminal. 
Should latch upoccur.thiswill also limit current. Rise and fall 
time will not be affected if the recommended supply bypassing 
is used. See Figure 8. 

The DS0026 has a bipolar input. A speed up capacitor is 
normally used to decrease switching time. Base storage time 
is reduced. The capacitor causes a voltage spike drive at the 
input that extends beyond Vqc or ground. The TSC426 input 
is CMOS and does not require a speed up capacitor. In 
converting DS0026 sockets to the TSC426/427/428 the 
capacitor should be removed. This will maximize drive to the 
device and minimize transition time. Benefits include fewer 
components and reduced insertion costs. See Figure 8. 



V 

S 


1 

1 
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4.7 Mf i 1 

4= 0.1 

TANTALUM ^ 
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f\ 

6 




INPUT 0- — 

TSC426/ >-0 OUTPUT 


427/428 

TIE UNUSED INPUTS 



TO GROUND 




Figure 8: Rl Current Limiting Protects Device and Will 
Not Degrade Switching Speed. 


The TSC426/427/428 outputs feature a low impedance P 
channel pull-up MOS device and low impedance N channel 
pull-down MOS device. The low resistance outputs are 
responsible for the 30 ns rise and fall times. The CMOS 
construction minimizes current drain. 


The output N and P channel devices should not be forced to 
conduct current simultaneously. This can happen if an 
unused input is left floating. Unused inputs must be connected 
to ground or the positive supply. A ground connection will 
minimize steady state supply current. This is common 
engineering practice followed in CMOS logic system 
design but is sometimes overlooked during a “quick” 
bench evaluation. Floating inputs cause excessive current 
flow and may potentially destroy the driver. 

The input drive signal should also have rise and fall times less 
than 1 fjs. This minimizes time spent in the output stage 
transition region. 

Package Power Dissipation 

Input signal duty cycle, power supply voltage, and capacitive 
load influence package power dissipation. Given power 
dissipation and package thermal resistance the maximum 
ambient operation temperature is easily calculated. The 
CerDIP 8-pin package junction to ambient thermal resistance 
is 150°C/W. At 25 °C the package is rated at 800 mW 
maximum dissipation. Maximum allowablechiptemperature 
is150°C. 

Three components make up total package power dissipation: 

• Capacitive load dissipation (Pq) 

• Quiescent power (Pq) 

• Transition power (Pj) 

The capacitive load caused dissipation is a direct function of 
frequency, capacitive load, and supply voltage. The package 
power dissipation per driver is: 

EQ. 1:Pc = fCVs2 
where: F = switching frequency 
C = capacitive load 
Vs = supply voltage 

Quiescent power dissipation depends on input signal duty 
cycle. A logic low input results in a low power dissipation 
mode with only 0.4 mA total currentdrain. Logic highsignals 
raise the current to 8 mA maximum. The quiescent power 
dissipation per driver is: 

EQ.2: Pq = ^ (D(Ih) + (1-D) y 

where: Ih = quiescent current with both inputs high 
(8 mA Max) 

li_ = quiescent current with both inputs low 
(0.4 mA Max) 

D = duty cycle 
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TSC426/427/428 
System Design Practice 


Transition power dissipation is normaliy not significant. It 
arises because the output stage N and P channel MOS 
transistors are on simultaneously for a very short period 
when the output changes. The transition package power 
dissipation per driver is approximately: 

EQ. 3;PT = fVs(1.63x10-9) 

An example shows the relative magnitude for each term. Both 
drivers are driven with a 50% duty cycle signal at the same 
frequency. Capacitive load is the same for each driver. 

Example 1; 

C = 1000 pf 
Vs= 18 V 
D = 50% 
f = 200 kHz 

Pd= Package power dissipation = Pc + Pt + Pq 
= 130mW + 11.7mW + 38mW 
= 180 mW 

Max. operating temperature = Tj - (Pq) 

= 123°C 

where: 

Tv = Max. allowable junction temperature (150°C) 

^JA = Junction to ambient thermal resistance (150®C/W, 
CerDIP) 

Table 1 gives the total package power dissipation for several 
different cases using the formulas developed above. If only 
one driver is active divide the package power dissipation 
numbers by two in Table 1. 


Table 1: TSC426 Package Power Dissipation 

Package Power Dissipation 
CerDIP Package [^ja = ISO^C/W] 

Max 

Input Ambient 


Capacitive 

Load 

[pF] 

Input Supply 
Frequency Voltage 
[kHz] [V] 

Stage 

Power 

[mW] 

AC 

Power 

[mW] 

Spike 

Power 

[mW] 

Total 

Power 

[mW] 

Operating 

Temp 

["C] 

1000 

50 

18 

75 

32 

2 

109 

125 

1000 

100 

18 

75 

64 

5 

144 

125 

1000 

200 

18 

75 

129 

11 

215 

117 

1000 

400 

18 

75 

259 

23 

357 

96 

1000 

1000 

18 

75 

648 

58 

781 

32 

1000 

50 

12 

50 

14 

1 

65 

125 

1000 

100 

12 

50 

28 

3 

81 

125 

1000 

200 

12 

50 

57 

7 

114 

125 

1000 

400 

12 

50 

115 

15 

180 

122 

1000 

1000 

12 

50 

288 

39 

377 

93 

2000 

50 

18 

75 

64 

2 

141 

125 

1000 

1800 

12 

50 

518 

70 

638 

54 

50 

4000 

18 

75 

129 

234 

438 

84 

1000 

100 

18 

75 

64 

5 

144 

125 

500 

100 

18 

75 

32 

5 

112 

125 

500 

200 

15 

63 

45 

9 

117 

125 

500 

100 

15 

63 

22 

4 

89 

125 


Notes; 1. Duty Cycle = 50%. 

2. Each input driven, 

3. Each output with load C. 

4. Ambient operating temperature should not exceed 85®C 

for "IJA" device or 125®C for "MJA" device. 
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Application Note 26 
Flexible TSC500 ADC 
Simplifies Design Tradeoffs 
By Wes Freeman 


Designers who need to convert analog signals to digital 
rapidly gain respect for the word “tradeoff.” At first glance, 
the wide variety of analog-to-digital converter (ADC) products 
available would indicate that the “perfect” ADC for any appli¬ 
cation is readily available. All of these products, however, 
involve tradeoffs in speed, power consumption, accuracy, 
price, and flexibilty, among others. These trade-offs are not 
mere specmanship, either. Speed, price, and power consump¬ 
tion, for example, can vary by orders of magnitude from pro¬ 
duct to product. 

The overriding ADC tradeoff is usually speed. Digitizing high 
speed signals typically requires a successive approximation 
or flash ADC. The designer must then accept the cost and 
power penalties which usually accompany these devices. 

Many analog phenomena, however, change slowly. Com¬ 
monly measured physical events, for example, include tem¬ 
perature, humidity, pressure, strain, and pH. The dual-slope 
integrating ADC is the typical choice for low speed conversion, 
due to its high resolution at low cost and low power. Even 
though a variety of dual-slope ADCs are available, tradeoffs 
can still occur because the analog sensors vary widely in reso¬ 
lution, linearity, output impedance, and output level. 

One solution to converting the wide variety of analog signals 
can be found in a flexible ADC. The TSC500, from Teledyne 
Semiconductor, contains all of the analog circuitry required 
for an integrating ADC. By transferring the digital portion of 
the ADC to the counters and software of a host processor, the 
TSC500 can be used to solve a wide variety of data conver¬ 
sion problems. 


The TSC500 gives the design engineer powerful control over 
the resolution/conversion-speed tradeoff, while adding flexi¬ 
ble input voltage scaling. Also, this flexibilty is made available 
at low cost and with only 10 mW power dissipation. 

A typical ADC and microprocessor interface is shown in 
Figure 1. Notice that the digital functions of the ADC are 
duplicated In the microprocessor. Replicating these circuits 
on the ADC simplifies software development, because the 
conversion result is merely read as one or more memory 
locations. Although the hardware interface also seems to be 
simple, the package size and large number of I/O lines 
necessary can be a real limitation in small systems or with 
single-chip microcomputers which are not bus oriented. 

Figure 2 shows the TSC500 and microprocessor interface. 
The counters, control logic, and most I/O functions have 
been moved to the microprocessor. Only three I/O lines are 
required, and both the size and cost of the ADC are reduced. 
More importantly, the designer can now specify the ADC 
resolution instead of selecting whatever is available in an 
existing product. 

The TSC500 permits control of the conversion’s resolution 
because resolution is determined by the host processor’s 
software. With standard ADCs, resolution is determined by 
hardware on the chip. The designer who needs, for example, 
.04% resolution is forced to use a 12-bit ADC with .025% 
resolution. By using the TSC500, however, a 2500-count full- 
scale output is as easy to design as a 4096 count (12-bit) 
output, but yields a 40% increase in conversion speed. 



Figure 1: Typical ADC Interface to fxC 
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Figure 2: TSC500 Interface to nC 


The ability to select full-scale is useful for measuring outputs The functional diagram of the TSC500 is shown in Figure 3. 

which do not fall readily into a binary sequence. One such The design features include low leakage CMOSswitches, high 

example is the 150 degree Centigrade operating range limit of impedance input buffer, integrator op-amp, two-stage com- 

IC temperature sensors such as the LM35 from National Semi- parator, and digital control logic. These components, pack- 

conductor. By using a ISOOcount ADC, the LM35’s output can aged in a 16-pin DIP, form theanalog section of an ADC whose 

be read directly in tenths of a degree Centigrade. Adjusting the resolution can extend from less than 8 to greater than 14 bits. 

ADC’s full-scale range to the sensor’s output in engineering 
units can simplify software for data analysis and display. 
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The CMOS switches permit very fiexibie input and reference 
voitage applications. During the signal integrate phase, the 
two SWI switches connect Vin to the input buffer and vFn to 
the integrator. These connections provide a fully differential 
signal input, within the common-mode input range. The 
signal input common-mode range extends from (Vs minus 1.5) 
to (Vs plus 1.5 V), providing an easy interface for bridge- 
type and other differential input applications. 

A reference capacitor and switch matrix combine to also ease 
reference voltage limitations. During autozero the SWRC 
switches close, charging the reference capacitor to Vref. 
Then, during deintegrate, the SWRI switches connect Gref to 
the buffer input. Because Gref isolates the reference inputs 
from the buffer, there are no common-mode limitations on the 
reference voltage. The REFHI and REFLO inputs can therefore 
be located anywhere within the power supply range. 

The differential reference is especially useful for bridge appli¬ 
cations, because the reference can be derived from the same 
voltage that drives the bridge. Ghanges in the bridge driving 
voltage will not, therefore, affect the ADG’s output. Since there 
are no common-mode limits on the reference inputs, simple 
ratiometric resistance measurements are also possible. 

The reference capacitor also combines with GMOS switches 
to produce a bipolar reference from the single-polarity refer¬ 
ence inputs. Four SWDI switches in a bridge configuration 
connect Gref to the buffer input. By the closure of opposing 
pairs of switches, Gref can be connected as either a positive or 
a negative voltage. When the TSG500 deintegrate phase is 
selected, control logic samples the integrator polarity. Internal 
control logic then closes the appropriate pair of SWRI switches 
to select correct reference polarity. 

The TSGSOO’s excellent input characteristics are also a func¬ 
tion of the low leakage, low noise metal gate GMOS process. 
Input bias current is only 10 picoamperes maximum, while 
input noise is typically limited to 30 microvolts peak to peak. 
Input buffer linearity is critical for system performance, so a 
class A output stage is used. The buffer output can supply 20 
microamperes of current with negligible nonlinearity. 

The main limitation in the conversion time of an integrating 
ADG is comparator response time. Although the TSGSOO’s 
targeted response time of four microseconds is three orders 
of magnitude below the speed of available bipolar products, 
several constraints combine to make the design task difficult. 
First, the comparator must resolve about 50 microvolts in a 
slowly changing ramp, instead of the millivolt-level step 
response usually specified in comparator specs. Also, the 
comparator must operate on less than 400 microamperes of 
supply current, and be fabricated in a low-noise GMOS pro¬ 
cess. Finally, the comparator should be unity gain stable to 
minimize oscillation during the autozero phase. 

TSG designers solved the high-gain/fast-response dilemma 
by utilizing two comparators. The first comparator is unity- 
gain stable, and is included in the autozero loop. The second 
comparator, operating open loop, provides the GMOS output 
levels required. In both comparators, cascade gain stages 
were used to minimize Miller capacitance and improve speed. 


Input offset voltage (Vos) of the buffer, integrator, and com¬ 
parator #1 are unimportant because the errors are stored 
during the autozero phase. Gomparator #2 is not in the auto¬ 
zero loop, however, so its Vos must be minimized to reduce 
potential rollover and zero-offset problems. The input FETs of 
comparator #2 were therefore implemented as a cross- 
coupled quad, with close matching of devices and isothermal 
orientation. The combination of careful layout, low power 
dissipation on-chip, and the fact that comparator #2’s Vos is 
attenuated by the gain of comparator #1 ensure that rollover 
errors are held to less than .01% maximum for a 4 1/2 digit 
conversion. 

The TSGSOO’s only feedback path to its host microprocessor is 
via the comparator output. This output must, therefore, relay 
both polarity and zero crossing information. For large input 
signals the method is straightforward. The comparator status 
is read and stored prior to deintegrate, which establishes 
polarity. After the ADG is switched to deintegrate mode, the 
comparator output is monitored for the polarity reversal that 
signals zero crossing. 

This method can fail for signals near zero, however, espe¬ 
cially in the presence of normal mode noise. In this case, the 
comparator state can change several times during signal 
integrate. If a polarity reversal occurs between reading of 
polarity and start of deintegrate, the zero crossing will not be 
detected. This method also makes the polarity of the edge 
that signals zero crossing dependent on input polarity, which 
complicates the generation of interrupts. 

A unique output circuit, shown in Figure 4a, solves both of 
these limitations. When the deintegrate phase is selected, 
comparator #2’s polarity data is latched into an internal flip- 
flop. The inverting output of the flip-flop drives an exclusive- 
OR gate which ensures that, at the beginning of deintegrate, 
the comparator output will be driven to a logic high state. 



Figure 4a: Simplified Schematic of TSC500 
Comparator 
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Figures 4b and 4c show the TSCSOO’s comparator output for 
both positive and negative polarity inputs. Notice that po¬ 
larity status is still valid before deintegrate begins. Even if 
polarity changes while the comparator output is being read, 
indicating an input very near zero, the comparator will still 
switch states when entering the deintegrate phase. In addi¬ 
tion, zero crossing is always signalled by a negative-going 
transition of the comparator output. The negative-edge output 
is consistent with the interrupt structure of many common 
microprocessors. 



Figure 4b & c: Comparator Output Waveforms 


This unusual comparator circuit conveys both polarity and 
end of conversion information. For a positive input the com¬ 
parator will be in a high state during integrate (b) while for a 
negative input the output is low (c). In either case, the exclu¬ 
sive OR gate (fig. 4a) ensures that the comparator output will 
go high when deintegrate begins. 


Table 1: TSC500 Control Inputs, Converter State, and 
Internal Switch Status. 


Con- 

Controi version 
Logic Phase 

Internal Analog Switch Status 

A B 


SWi SWri SWri SWz SWr SWi SWiz 

0 0 

Zero 

Inte¬ 

grator 

Closed Closed 

0 1 

Auto- 

Zero 

Closed Closed Closed 

1 0 

Signal 

Inte¬ 

grate 

Closed 

1 1 

Deinte¬ 

grate 

Closed* Closed 


‘Assumes positive-polarity input signal. For negative input signal, 
SWri is closed. 


The TSCSOO’s two logic inputs control the phases of the inte¬ 
grating analog-to-digital conversion. (For further information 
on dual-slope A/D conversion, see appendix A of Teledyne 
Semiconductor Application Note AN-23). As shown in Table 1, 
the TSC500 adds an additional phase, zero-integrator, to the 
conventional autozero, signal Integrate, and deintegrate 
phases. The zero-integrator mode can greatly reduce one of 
the integrating ADC’s drawbacks, slow recovery from an input 
overrange condition. Slow overrange recovery is a problem 
when several inputs are multiplexed into one integrating ADC, 
because an overrange on one channel will affect the accuracy 
of other channels. 

The source of the integrating ADC’s slow input overrange 
recovery is shown in Figure 5. Under normal conditions, the 
integrator ramps up during signal integrate, then back to zero 
volts during deintegrate (Figure 5a). When the signal input 
exceeds full-scale, however, the integrator output does not 
reach zero volts before the end of deintegrate (Figure 5b). If 
the ensuing autozero period is not long enough to discharge 
the integrator to zero volts, succeeding conversions will pro¬ 
vide erroneous data. The zero-integrator phase, on the other 
hand, provides a rapid discharge of the integrator error vol¬ 
tage (Figure 5c). This speedup occurs because, during zero- 
integrator, the integrator is actively driven toward zero volts. 



Figure 5: TSC500 Integrator Output Waveforms 
During: 

(a) Normal Operation 

(b) Input Overrange 

(c) Input Overrange with Zero Integrator Cycle 

The integrator output normally returns toOVat EOC (a), but 
an error voltage remains if the input is overranged (b). A dding 
a zero integrator cycle speeds overrange recovery (c). 


W TELEDYNE SEMICONDUCTOR 


15 - 94 






Flexible TSC500 ADC 
Simplifies Design Tradeoffs 


Application Note 26 


Figure 6 demonstrates the difference between autozero and 
zero-integrator operation. During autozero, the buffer’s input 
is connected to circuit common (Figure 6a). Disregarding 
offset voltage, the buffer’s output will be zero volts. Any charge 
remaining on the integrator capacitor after deintegrate must 
discharge through Pint, and the time constant is quite long. 
The zero-integrator phase speeds the error recovery by con¬ 
necting the buffer input to comparator #Ts output. Since the 
comparator output swing is greater than plus/minus four volts, 
discharge time is greatly reduced. Zero integrator must be 
followed by autozero, so that the buffer offset is cancelled. 
Typically, if 20% of the normal autozero period is devoted to 
zero-integrator following an overrange, then the integrator 
capacitor will be discharged. 

Integrating ADCs are suitable for both system and display 
applications. The system ADC is typically part of a micropro¬ 
cessor based system, with the ADC accessed via a data bus or 
input/output (I/O) port. System ADCs typically produce binary 
data, and have three-state, bus compatible outputs. Display 
converters, on the other hand, are most often used as the heart 
of a dedicated instrument such as a digital multimeter. Display 
converters typically operate with decimal data and have 
binary-coded decimal (BCD) or seven segment outputs for 
easy interface to a visual display. 



INTEGRATOR 

BUFFER „ 



-fS. R|NT ‘^az 

11 

INT 

COMPARATOR NO. 1 

. TO_ 

II 


1 



COMPARATOR 
NO. 2 

7 






Figure 6a: TSC500 Simplified Schematic During 
Auto-Zero 



Figure 6b: TSC500 Simplified Schematic During Zero 
integrate 


Overrange recovery is slow in auto-zero because the buffer is 
connected toOV (a). The zero integrator phase connects the 
buffer to the comparator output to actively discharge the 
integrator (b). 


The TSCSOO’s flexibility permits it to be used in both system 
and display applications. Combined with a microprocessor I/O 
port, the TSC500 forms a binary ADC with resolution of 8to 14 
bits. Conversion rates of the binary ADC range from 400 down 
to 5 per second, while the high impedance signal inputs and 
differential reference ensure flexibility in measuring a variety 
of analog sensors. 

When teamed with a single-chip microcomputer, on the other 
hand, the TSC500 can form an equally flexible display conver¬ 
ter. Features which are difficult to implement with a dedicated 
display ADC become easy with the analog front end approach. 
Desireable features for a hand-held multimeter, for example, 
might include autoranging, bargraph display, relative mea¬ 
surements with decibel conversion, or programmable limits 
with buzzer alarm. Adding features in software can reduce 
development costs for a product family, as well as permitting 
product differentiation. 

An example of the TSC500 used as a system ADC is shown in 
Figure 7. Only three active and ten passive components are 
required, in addition to the /uP I/O port, to form a very flexible 
ADC. Since the TSC500 is available in a 16-pin DIP, PCB area 
is actually less than that required for a dedicated but less flexi¬ 
ble ADC. 

All of the analog components, except the reference, are con¬ 
tained in the TSC500. The passive components are inexpen¬ 
sive, and critical tolerances are not required. The integrating 
capacitor, Cint, must have very low dielectric absorption, so 
polypropylene is recommended. The other capacitors can be 
polypropylene, MYLAR, or other low leakage film type. 

The ADC’s reference voltage is provided by two TSC9491s, 
which operate like a 2.44 volt Zener diode. Requiring a mini¬ 
mum bias current of only 50 ^A, the TSC9491 is available in 
temperature coefficient grades of 50 or 100 ppm/°C. If the 
ADC’s reference voltage is less than 1.22 V, only one TSC9491 
is required. 

Although theTSC500 requires+/-5V power supplies, the cir¬ 
cuit operates with a single +5 V connection. A monolithic DC 
to DC converter, the TSC7660, combines with two electrolytic 
capacitors to convert a +5 V input into -5 V. The TSC500 only 
requires 1.5 mA of supply current, so the TSC7660 provides a 
voltage conversion efficiency of about 98%. Eliminating a 
separate -5 V supply reduces power supply bulk and expense, 
as well as simplifying power distribution and PCB layout. 

The juP I/O device is a Synertek SY6522, which contains two 
bidirectional 8-bit I/O ports, four interrupt control/handshake 
pins, two 16-bit timers and a shift register. Only four I/O bits, 
one interrupt input, and the timers are used for the ADC inter¬ 
face. The remainder of the I/O port functions are available for 
selecting multiplexed Inputs, accessing a visual display, or 
other functions. 

The TSC500/SY6522 interface only requires three digital con¬ 
nections, which is a significant advantage when the ADC is 
located some distance from the I/O port. Two SY6522 I/O bits, 
configured as outputs, control the TSC500’s dual slope inte¬ 
gration algorithm. The comparator output can either be read 
by polling an input port or by generating an interrupt. In most 
cases the interrupt would be used, of course, but input polling 
is useful while debugging software. 
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Figure 7: TSC500 Interface to a Typical nP I/O Port 

i 12-bit Analog to Digital Conversion Software for the TSC500 ADC, 
) controlled by a 6502 Microprocessor and 6522 I/O Port 


The circuit makes use of both of the SY6522’s counter/timers. 
Timer #1 is used to generate the ADC clock pulses, while timer 
#2 functions as the ADC’s counter. The frequency output of 
timer #1 therefore controls the ADC conversion speed, while 
the binary number loaded into the counter determines the 
ADC resolution. During deintegrate, the count in timer #2 
when the comparator output switches to a logic low state is 
proportional to the analog input voltage. 

Timer #1 operates in its “free running” mode to generate the 
ADC clock. In this mode, the mP’s clock is divided by a 16-bit 
integer stored in the T1 latches. The result is a square wave out¬ 
put on pin PB7. The clock frequency can be modified, by 
changing the divider constant, to adjust conversion speed orto 
reject specific normal mode noise frequencies. 

Counter/timer #2 is programmed for its pulse counting mode. 
When a number is loaded into the T2 latches, the counter will 
decrement with each negative pulse on input PB6. Connecting 
PB7 to PB6 permits the counter to operate at the frequency 
programmed into Timer #1. An interrupt flag is set when the 
counter underflows, signalling the end of each measurement 
cycle. 

As mentioned previously, the TSC500 hardware combines 
with tiP software to form an ADC. Software for the circuit, 
written in 6502 assembly language, is shown in Listing 1. The 
logic flow is shown in Flowchart 1. This program will produce a 
12-blt conversion, but the resolution can easily be increased 
or decreased. 


load pointer for autozero 
first, clear overflow flag 
set TSC500 t counters for A-Z 
loop until 

autozero phase 
is complete 

load pointer for Integrate 
phase and begin 
wait to complete 
integrate 
phase 

clear INT from CBl 
and save sign bit 
set up 

deintegrate phase 
has comparator changed 
state. Indicating EOC7 
yes, get results 


timer overflow, input overran( 
read the 16-bit value 
in timer «2 
read lo byte again 
2nd reading lower is correct 
if 2nd reading higher, did 
hi byte change? 
if yes, add one to hi byte 
store ADC result 
in RAM 

set no-overrange flag 
end of deintegrate, so set 
TSC500 to autozero 
wait until counter 

overflow indicates 2000 
counts of deintegrate 
do another conversion 
enter this routine with ADC 
phase in X reg as a pointer < 
a table which contains the 
TSC500 control bits and timi 
constant for each phase 
set TSC500 to desired phase, 
load 6522 down-counter, 
and return 


800H ;Table foi 
2,00,08,1 ;bitB and 
00,08,3,00,108 


Listing 1: Software for12-bit ADC with TSC500 and 6502 /uP 

Combine this software with the hardware of Figure 7 to form a 
12-bit ADC. The converter’s resolution can be adjusted by 
changing the counter values stored in the “PHZCNT” table. 
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Flowchart #1 


Before the actual conversion can begin, some housekeeping 
tasks must be completed. These tasks, not shown in the listing, 
include setting I/O ports, configuring timers, and clearing 
interrupt flags. Once initialization is completed, the analog-to- 
digital conversion process can begin. 

The conversion software begins by placing the TSC500 in its 
autozero mode. For a 12-bit converter the autozero cycle is 
2048 counts, so the counter registers are loaded with this value. 
The counter immediately begins decrementing at the square 
wave frequency and the fxP waits for the counter underflow 
that signals the end of autozero. 

The signal integrate phase is identical to autozero, except for 
placing the TSC500 in signal integrate mode. The integrate 
cycle is also 2048 counts, and the integrate period is selected 


to provide optimal normal mode noise rejection. After the sig¬ 
nal integrate cycle is complete, deintegration begins and the 
analog input value is determined. 

The deintegrate cycle begins by reading the comparator out¬ 
put. This action serves a dual purpose. First, the comparator 
state at the end of signal integrate establishes input polarity. 
Second, reading the input port resets the corresponding inter¬ 
rupt bit. The next negative edge on the comparator output will 
set the interrupt flag and signal the zero crossing. 

Deintegrate continues by placing theTSCSOO in its deintegrate 
mode and again loading the down counter. For a 12-bit con¬ 
version the counter value is 4096. The software then begins 
testing for zero crossing and end of conversion. 

In the deintegrate loop, a test is first made for zero crossing. If 
the interrupt bit which corresponds to the comparator is not 
set, then the program tests for counter underflow. The pro¬ 
gram continues to loop until either zero crossing or counter 
underflow occurs. 

When zero crossing occurs, the contents of the down counter 
represent the analog conversion result. The counter value is 
therefore transferred to memory for further processing. A 
memory location is also incremented to indicate that zero 
crossing has occurred. This memory location can be tested 
during autozero if the user wishes to include an optional zero- 
integrator phase. 

Rather than stopping and restarting the counter, the registers 
are read “on the fly.” Several steps are required to ensure that 
data does not change between reading the high and low bytes. 
If the high order byte changes between readings, the result 
would be 256 counts of error. The program therefore reads the 
counter registers twice, and tests for a borrow occurring 
between the two read operations. If the high byte has changed, 
a correction is applied before data is stored in memory. 

Once the conversion result is stored, the program again waits 
for the deintegrate phase to end. When the counter under¬ 
flows, the conversion cycle is complete. The program loops 
back to autozero if another conversion is desired, or jumps to 
software which processes the ADC data. Since timer #2 is a 
down counter, the stored data must be subtracted from 4096 to 
get the actual analog input. 

The software shown in Listing 1 keeps the nP in a continuous 
loop during conversion. In normal practice the conversion 
would be interrupt driven, so that the /uP would be free for other 
tasks. To convert the software to interrupt operation, routines 
must be added which will recognize interrupt sources and also 
keep track of the conversion phases. 

The TSC500 interface only requires a small portion of the I/O 
port’s available functions, so additional features are easy to 
add. Figure 8 shows one possible expansion by adding input 
multiplexers for eight differential analog signals. A four digit 
LED display is also included. The TSC701AM accepts BCD 
data, decodes the data to seven segment display format, and 
provides 28 LED segment driver outputs with 18 mA current 
capability. Placing CA2 in its pulse output mode will latch data 
into the TSC701 AM simply by writing to port A. Four bits of I/O 
are still available for controlling motors, heaters, valves, etc., or 
for monitoring digital inputs. 
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Figure 8: 8-Channel Data Acquisition System 


TSC500 Comparator Behavior After 
Zero Crossing 

The TSC500 comparator is designed to produce a negative¬ 
going edge-triggered output which signals the end of con¬ 
version. This transition occurs during the deintegrate phase, 
when the integrator output passes through zero volts. In most 
cases, the result will be a single negative-going transition. 
Occasionally, however, and especially in a noisy electrical 
environment, the comparator may make more than one 
transition. 

Multiple comparator pulses are seldom a problem in a micro¬ 
processor sytem, since most mPs will not respond to a second 
interrupt until the first one is serviced. The service routine 
then disables the interrupt until the next deintegrate cycle, so 
additional comparator transitions are ignored. 

Problems do occur, however, in circuits built with discrete 
logic. If the unbuffered negative comparator edge is used to 
transfer data to latches, for example, multiple transitions will 
produce erroneous data. More importantly, additional transi¬ 
tions during auto-zero and integrate cycles will make the 
latched data meaningless. Therefore, designers of non-/LiP 
TSC500 systems should provide logic which will ensure that 
end of conversion is only determined by the first negative 
comparator transition which occurs after the TSC500 is 
placed in deintegrate mode. 

Photograph #1 demonstrates the TSC500 comparator output 
at the end of a conversion. As the integrator output (top trace) 


passes through zero volts, the comparator output (bottom 
trace) goes from a high to a low state. In this example, only a 
single negative-going transition was observed. 

After zero crossing. Photograph #1 shows that the integrator 
overshoots zero volts, continuing downward until theTSC60O 
is switched to zero-integrator mode. The Zl cycle rapidly dis¬ 
charges the overshoot error voltage, preparing the TSCSOOfor 
its next conversion cycle. After a short period of time in Zl, 
however, the comparator begins to oscillate. External circuitry 
which latches data at each falling edge of the comparator will 
now latch erroneous data. Additional gating of the comparator 
output, as outlined above, will prevent this error. (Note that the 
oscillations observed are comparator #2. This does not imply 
that the Zl loop, which uses feedback from the output of com¬ 
parator #1, is unstable). 



Photograph #1 
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Speed Dual-Slope A/D Conversion 
By Gary Grandbois and Wes Freeman 


By using low-cost microprocessors and a program-controlled 
numerical-integration technique, you can achieve good noise 
rejection and take full advantage of the higher speeds offered 
by recently developed dual-slope A/D converters such as the 
TSC7109. 

This and similar converters overcome the speed limitations 
imposed by logic-gate and analog-comparator delays in ear¬ 
lier dual-slope devices, and the modern units can operate at 
rates as high as 30 to 100 samples/sec. Nevertheless, operating 
them at their maximum conversion rates often makes it difficult 
or impossible to achieve the high normal-mode line-frequency 
rejection that dual-slope A/D converters inherently offer at 
slower conversion rates. Thus, noise considerations have 
often precluded use of these converters at their rated speeds — 
especially in industrial environments, where line-frequency 
and other low-frequency noise components can be a particu¬ 
lar problem. 


Normal-Mode Line-Frequency Rejection 

To understand normal-mode line-frequency rejection in 
dual-slope A/D converters, consider a typical 12-bit conver¬ 
ter (Figure la) and its timing diagram (Figure 1b) for one 
conversion cycle. Note that the conversion depends on 
charging the integrating capacitor during a fixed time inter¬ 
val; the number of counts necessary to discharge the capaci¬ 
tor to zero is proportional to the input voltage. 


The integrating A/D converter integrates the signal only in a 
certain time window, as Figure 1b shows. This limited inte¬ 
gration period results in normal-mode noise rejection only 
when the integration period is equal to one or more periods of 
the noise signal (Figure 2a). The time integral of this noise 
over integer multiples of the noise period is, of course, zero. 

Normal-mode noise-rejection performance can thus be 
represented as a function (Figure 2b) that reaches peaks at 
the fundamental and harmonic frequencies of the period 
defined by the signal-integrate time T. The minimum period 
T, which must equal the noise period, has been the limiting 
factor for conversion speed. At 60 Hz, for example, the mini¬ 
mum signal-integrate time is 16.7 msec; at 50 Hz, it’s 20 msec. 

Because the signal-integrate time is only a portion of the total 
conversion time, conversion rates are significantly less than 
1/T. A standard, high-performance, dual-slope A/D conver¬ 
ter includes a reference deintegrate phase, typically 2T long, 
and an autozero period equal to the signal-integrate period T. 
The total conversion time is thus 4T, which, for 60-Hz rejec¬ 
tion, yields a maximum conversion rate of 15 samples/sec; 
for 50 Hz, it yields 12.5 samples/sec. 

The most serious constraint arises when you want to offer an 
instrument for international use that can reject both 60 and 50 
Hz. This feature is attainable only when the signal-integrate 
period T can contain six cycles of 60-Hz noise and five cycles 
of 50-Hz noise. The resulting 100-msec signal-integrate 
period dictates a 2.5-conversion/sec rate. 



Figure 1: A dual-slope A/D converter operates by charging a capacitor from the input voitage during a fixed time, 
then discharging it to zero. The number of clock periods in the discharge time corresponds to the analog input voi¬ 
tage. The size of the integrating time window determines which normal-mode noise signais are rejected. 
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Figure 2: In a dual-slope A/D converter, high normal^ 
mode noise rejection occurs when the integration 
period is a multiple of the noise signal’s period. 


You can, however, overcome the inherent conversion-speed 
limitation of integrating A/D converters. A microprocessor 
with program-controlled numerical integration that comple¬ 
ments the A/D converter’s analog integration will speed dual¬ 
slope conversion considerably. 

You can achieve high normal-mode rejection for specific fre¬ 
quencies with this method if three conditions are met. First, 
the signal-integrate period must be defined such that noise 
integration takes place on a segmented basis. In Figure 3a, 
for example, the integrate window opens on a noise-wave- 
form segment that’s one-third of a period long. 

Next, the second signal-integrate period must begin at a 
point corresponding exactly to the point at which the first one 
ended, and the third’s beginning must correspond to the 
point at which the second ended. This condition can be met 
only if the A/D converter has a fixed conversion time, irre¬ 
spective of the signal input. Finally, the microprocessor must 
sum all three conversions to achieve the total integration of a 
cycle of noise. A consideration of all these constraints for the 
TSC7109 A/D converter, for example, leads to the relation¬ 
ship 

, 1 4C 

fNOISE = - = - 

XT X 

where C is the conversion rate, f the noise frequency and X 
the number of conversion results added. X must be an odd 
number: Figure 3b shows why X cannot be an even number. A 
frequency that would require an even number of samples is 
one at which the integrate window is locked in phase with the 
signal (ie, the converter and signal periods are synchronized). 
For CV = (fNOISE) (X/4) and X=2 (as in Figure 3b), the result is 
two times the error of one conversion. 




Figure 3: Data-conversion systems employing a numerical-integration technique furnish noise rejection when an 
odd number of samples are summed (a). Adding the results of two conversions, though, can yield twice as much 
error as does one conversion (b) if the A/D converter and noise frequency are synchronized. 
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Figure 4: The normal-mode-rejection capability illus¬ 
trated by the upper curve here demonstrates the effec¬ 
tiveness of taking nine conversion samples; the system 
that the curve represents rejects noise at all multiples 
of 10 Hz. The lower curve shows the result of acquiring 
only one sample and employing an 11.11 -msec signal- 
integration period. 


To achieve the desired normal-mode rejection, you must, 
therefore, sum an odd number of A/D-converter results. You 
can accomplish this summation with firmware or with user- 
interactive software. Consider an example using a TSC7109 
A/D converter operating at 22.5 samples/sec. The equation 
yields the results in Table 1. 

As Table 1 indicates, an A/D converter operating at 22.5 
samples/sec can reject harmonics of 10 Hz if you maintain a 
rolling average of nine samples. This technique rejects 50 and 
60 Hz; it’s equivalent to one sample taken at the rate of 2.5 
samples/sec. The curves in Figure 4 show the normal-mode 
rejection resulting from 1- and 9-sample averages at the rate of 
22.5 conversions/sec (or one sample at 2.5 conversions/sec). 

Table 1: TSC7109 at 22.5 Samples/Sec 

fNOISE 

(Fundamental) X 

In Hz Samples Summed 

90 1 

30 3 

18 5 

12.8 7 

10 9 



Figure 5: This 3 3/4-digit multimeter uses a numerical-integration technique to reject both 50-and 60-Hz normal¬ 
mode noise. Although the DMM’s display updates at 2.5 samples/sec, conversions take place at 22.5 samples/sec. 


15 - 101 


W TELEDYNE SEMICONDUCTOR 









Application Note 27 


Numerical-Integration Techniques 
Speed Dual-Slope A/D Conversion 


What’s the point, you may ask, of sampling at the higher rate If 
you must wait for the result during a 9-period numerical Inte¬ 
gration? After the first 9-perlod wait, the system’s pipeline is 
full, and you can then obtain a new result for each cycle at the 
22.5-samples/sec rate. 

The numerical-integration technique has many practical 
applications. The Figure 5 circuit, for example. Is a 3 3/4 digit 
DMM that uses a TSC7109 13-bit A/D converter. The DMM 
updates the display at a 2.5 sample/sec rate for easy reada¬ 
bility, yet it converts at a 22.5 sample/sec rate for fast response 
during autoranging and continuity checking. Because the 
circuit averages nine samples, it rejects both 50- and 60-Hz 
noise. Because it can carry a rolling average, the /jlP Is capable 
of changing the number of conversions summed: it can there¬ 
fore accommodate specific, user-programmable rejection 
frequencies. 


Figure 6 shows connections for a system using the TSC7109 
in conjunction with a 6502 processor and 6522 peripheral in¬ 
terface adapter. The adapter’s programmable timer provides 
the A/D converter’s clock, thereby simplifying testing of 
noise rejection with different clock frequencies. This circuit 
allows you to evaluate numerical-integration-based designs 
using either a general-purpose ^P-development system or a 
prototyping board (eg, Rockwell’s AIM-65). Figure 7 shows 
the assembly-language listing for the system; the flowchart 
appears in Figure 8. 

Table 2:16-Channel Multiplexer _ 

X Channels Scanned 

3 13 

5 16 

7 15 


9 10 



Figure 6: You can evaluate numberical integration with the circuit detailed in this schematic. The 6522 peripheral- 
interface adapter provides clocking and the pP interface for the dual-slope A/D converter. 
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OHP HAINPR6 


ORE 02B0H 

LOA lOPT 

TAK 

ANO lOFH 

STA STORHI 

TKA 

ANO It OH 

BEQ SUBTR 

OLC 

LDA RESLT 

ADC lOPT+1 

STA RESLT 

LDA RESLTM 

ADO STORHI 

STA RESLT+1 

LDA RESLT+2 

ADO too 

STA RESLT^2 

JHP LOOPONT 

SEO 

LDA RESLT 

SBC lOPTM 

STA RESLT 

LDA RESLTM 

SBC STORHI 

STA RESLT+1 

LDA RESLT+2 

SBC too 

STA RESLT+2 

DEO STORK 

BEQ DIVIO 

RTI 
PABE 


SOFTHARE TO DENDNSTRATE NUHERICAL INTE8RATI0N 
OSINS THE TSC7109 INTERFACED TO A 6502 
HICROPROCESSOR VIA A 6522 I/O PORT 
RESULTS STORED AT 'RESLT' IN lERO-PASE NEHORV 
USER HOST PROVIDE INTERRUPT VECTOR FROH THE 
6522'S CAl INTERRUPT TO SVC ROUTINE AT "INTSVC" 


SYSTEM EQUATES 

ADDRESS OF 6522 I/O PORT 

RESERVE 2ER0-PABE HEHORY 

t6-BIT ACCUMULATOR FOR RESULTS, 1 BYTE FOR SIGN 

STORAGE FOR LOOP COUNTER 

SAVE HIGH BYTE 

SET UP I/O PORT TO CONTROL TSC7109 
P86 I PB7 ARE OUTPUTS, 

PB7 IS THE TIMER 1 OUTPUT 
(FOR 7109 CLOCK! 

SQUARE NAVE OUTPUT ON PB-7 
LOAD THE CONSTANT* FOR 
CLOCK TIMER 

INITIALIZE MEMORY REGISTERS 
START THE 7109 CLOCK 
ENABLE INTERRUPT FROM 
6522 CAl INPUT 
I/O PORT SETUP COMPLETE, SO 
JUMP TO O.S. OR TO MAIN PROGRAM 
INTERRUPT SERVICE ROUTINE 

SET HIGH BYTE 
SAVE IT 

ZERO MSBi FOR ARITHMETIC 
SAVE IT 

SET SIGH BIT BACK 
ANALOG INPUT NEGATIVE? 

YES, SO SUBTRACT 
RESULT POSITIVE SO ADD 
BET LS BYTE OF THIS CONVERSION 
ADD TO PREVIOUS READINGS 
SAVE LS BYTE 

GET NS BYTE OF CONVERSION 
ADD TO SUM 
SAVE MS BYTE 
GET SIGN 

ADD CARRY BIT, IF ANY 
AND SAVE 

JUMP TO TEST FOR 9 CONVERSIONS 
SET CARRY FOR SUBTRACTION 
POLARITY OF THIS CONVERSION 
IS NEGATIVE, SO DO A 
DOUBLE-PRECISION 
SUBRTACTION 


(HAVE NE DONE 9 CONVERSIONS? 
I YES, SO NON DIVIDE BY 9 
I NO, SO RETURN 


Figure 7: This assembiy-ianguage iisting for the ijlPAID- 
converter system in Figure 6 provides for 9-sample 
numerical integration, thereby eliminating normal¬ 
mode noise at frequencies that are multiples of 10 Hz. 



Figure 8: This flowchart for Figure 7’s assembly- 
language routine summarizes the code necessary to 
control the Figure 6 evaluation circuit. 


Adding Channels 

By using analog multiplexers, you can take advantage of 
these speed-improvement techniques in multi-channel sys¬ 
tems. Solving the equation given earlier for X and using X to 
determine the scan length (or number of channels), you keep 
the noise-segment alignment in proper phase. This segmen¬ 
ted approach (for a 16-channel system that requires the 
summation of three conversions) is shown in Figure 9. The 
scan length is found by dividing the number of available 
channels by X, taking the integer value, and then multiplying 
it by X and adding 1. Table 2 shows the relationship between 
the number of samples summed and the number of channels 
scanned for a 16-channel multiplexer. 


A data-acquisition system using a 16-channel multiplexer 
could useaTSC7109 running at 25 conversions/sec to reject 
all harmonics of 20 Hz (including, of course, 60 Hz), with a 
5-sample average taken in the microprocessor. The system 
would still respond to large signal deviations in a single con¬ 
version. 

The change from analog signal integration of noise to hybrid 
analog/numerical integration entails some tradeoffs. The 
quantization error, for example, is always present; it can lead 
to a significant reduction in normal-mode rejection if the 
noise period is carved into too many segments. In addition, 
timing instability can create other error sources. For maxi¬ 
mum stability, you must control the A/D converter’s timing 
with a crystal oscillator. 
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Application Note 27 


Numerical-Integration Techniques 
Speed Dual-Slope A/D Conversion 



Figure 9: You can add multichannel capability to the enhanced-speed A/D~converter designs employing pP-based 
numerical Integration. 
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Application Brief 7 
Solve Sensor 
Offset Problems with the TSC7106 

By Wes Freeman 


Design Engineers sometimes have to interface our TSC7106 
and similar ADCs to “non-ideal” sensors. A very common 
problem Is that the sensor often does not give a “zero" output 
where the design wants a zero reading. 

One exampie of a ''non-ideai” sensor is a diode used as a 
temperature sensor. The diode typically changes -2 mV per 
degree Celsius, but the change is from the diode’s forward 
voitage of 600 mV or so. In order for the display to read “000” 
at 0.0 degrees, an offset must be provided. 

The differential inputs of the TSC7106 yield an easy solution 
to the offset problem. Figure 1 shows a simpie thermometer 
with a diode sensor. Because the diode voltage decreases as 
temperature increases, IN LO is connected to the diode 
temperature sensor. The IN HI input is connected to a trim- 
pot which is used to cancel the diode’s forward voltage. 

The offset problem gets a little more difficult, however, if a 
sensor requires a negative offset. The easiest way, shown in 
Figure 2, is to use a TSC9491 reference. This will provide an 
offset of up to -1.22 V. The only “trick” to this circuit is that 
Resistor R1 must source enough current for the TSC9491 
plus a few extra microamps for the COMMON input. 

Figure 2 also demonstrates the utility of the TSC7106 families’ 
differential reference. The effective reference voltage is 
simply the difference between the REF HI and REF LO inputs. 
In this way, the same TSC9491 can be used to produce both 
input offset and reference voltages. 



Negative Offset 


9 V 



Figure 2 
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Application Brief 8 
TSC7660 Powers RS-232 
Data Loop 
• Low Cost Adapter 
By Wes Freeman 


The Introduction of single-voltage EPROMS and dynamic 
RAMs has permitted designers to produce complete digital 
systems powered by a single 5 volt supply. One area which 
has not yielded to single-supply operation, however, is the 
RS-232 Interface. If a system must communicate with an 
RS-232 serial device, such as a printer or another computer, a 
separate power supply is required. 

The circuit In Figure 1 provides an RS-232 driver without 
requiring a second power supply. Originally built for down¬ 
loading files from an IBM PC to an AIM-65, the circuit Is 
applicable to a wide variety of single-board computers as 
well as single chip microprocessors such as Intel's 8051. In 
100-piece quantities the component cost is less than $3.00, 
and pc board space is only a little more than Is occupied by a 
20-pin socket. 

Understanding the circuit’s operation is easy. U1 is the 
CMOS TSC7660 DC-to-DC converter. It contains an oscil¬ 
lator and matrix of switches which convert the +5 volt supply 
to -5 volts. The optoisolator converts the TTL-level input 
current into a voltage which swings between the plus and 
minus supply rails, producing RS-232 compatible output 
levels. 

Resistor R1 determines the RS-232 output voltage swing. 
Rl’s value is determined by the input specifications of the 
receiving device, current transfer ratio of the optoisolator, 
and the driving circuit’s output current capability. 

The RS-232 input voltage spec is ±3 volts. The minimum 
input resistance of the MCI489, a typical RS-232 receiver, 


is about 3 kn. Therefore, 1 mA of current must be supplied, 
and R1 must be: 

Ri = _LLJJL_ = 2kn 
1 mA 

For reliable operation the optoisolator should be biased to 
saturation, so; 

IOPTO= = 6,6 mA 

2 ka 3 kn 

Since the optoisolator’s current transfer ratio is only 20%, 
the LED current must be: 

Iled = mA*100% = 33 

20 % 

This value is within the capability of the 7438 driver supplied 
with the AIM-65 computer. For interfacing to lower-power 
devices a higher gain optoisolator can be substituted. The 
4N33 Darlington, for example, has a current transfer ratio of 
500%, which reduces input drive current requirements to 
only 1.3 mA. 

For a cable length of six feet, the circuit operates properly up 
to 9600 baud. Unfortunately, high baud rates are not always 
useable. This is because many computer prototyping 
boards seem to have software serial-communications routines 
which are designed for 110 baud teleprinters. These routines 
do not make use of the handshaking signals which RS-232 
provides. Unless the serial communications routines are re¬ 
written, lower baud rates may be required for proper operation. 


Figure: 1 


SINGLE BOARD COMPUTER 
OR OTHER SERIAL 
COMMUNICATIONS DEVICE 


CAP+ 

DC-DC 

CONVERTER 


TSC706O 


4N25 

OPTOISOLATOR 


SERIAL 
DATA O- 
OUTPUT 




SERIAL DATA 
OUTPUT 
(RS-232) 


*CONFIGURES THE SINGLE BOARD COMPUTER 
AS DATA COMMUNICATIONS EQUIPMENT (DCE) 


RS-232 

DB-25 

CONNECTOR 


This low cost circuit converts TTL-level signals to an RS-232 level without the expense of a negative power supply. The TSC7660’s 
-5 V output permits the optoisolator to swing to RS-232 levels at up to 9600 baud. 
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Application Brief 9 
±5 V Power Supply Operation 
with TSC7106A/TSC7107A 
By Dave Gillooly 


The TSC7106A/7106 3 1/2 digit analog-to-digitial converters 
with liquid crystal display drive can be powered from ±5 V 
power supplies easily. Low cost voltage regulators such as 
the LM7805 (+5 V) and LM7905 (-5 V) power the TSC7106A/ 
7106 in Figure 1. Analog common, internally referenced to 
3 V below the positive supply potential, is used to supply the 
converter reference. 

If only +5 V is available the low cost TSC7660 DC to DC con¬ 
verter easily generates the -5 V supply as in Figure 2. A 
TSC7107A/7107 LED display converter can also be powered 
by a TSC7660. 


An external voltage reference replaces the internal reference 
in Figure 3. Chip temperature variations caused by changing 
LED display drive current can cause full-scale drift if the in¬ 
ternal reference does not have a low temperature coefficient. 
Input signal magnitude and the corresponding seven seg¬ 
ment display code determine how many LED segment drivers 
are active. The TSC7107A features an improved lowtempera- 
ture drift internal voltage reference. 

The TSC7107A is directly pin compatible with the first gene¬ 
ration ICL7107 device and lowers temperature induced full- 
scale drift (See the TSC7107A Data Sheet Also). 


ANALOG 

INPUT 


+15 V 



-15 V 



Figure 1: TSC7106A/7106 Operates From ±5 V Power Supplies 
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Application Brief 9 


±5 V Power Supply Operation 
With TSC7106A/TSC7107A 



Figure 2: TSC7660 Generates -5 V Power Supply 


UNREGULATED 
SUPPLY INPUT 


+5 V 

VOLTAGE 

REGULATOR 


^ +5 V SYSTEM 
POWER 


- 

> R2 TSC9491 
Mokn 1.2 V 


36 < R1 

' Vref T f 


ANALOG 

COMMON Vs 


Vref ^ 1-2( -—- - ) 



Figure 3: External Reference in ±5 V System 


W TELEDYNE SEMICONDUCTOR 


15 - 110 








WTELEDYNE 
SEMICONDUCTOR 


Application Brief 10 
Vendors for Support 
Components 


Many Teledyne Semiconductor products use displays, cry¬ 
stals and capacitors. A partial list of potential suppliers for 
components is given below. Although not exhaustive, the list 


should help development. Additional vendors can be found 
in the U.S. Industrial Directory, Electronic Design’s Gold 
Book, and Who’s Who in Electronics. 


LED Displays 

• AND 

Burlingame, CA 94010 
(415) 347-9916 
TWX: 910-374-2353 

• General Instrument 
Opto Electronics Division 
Palo Alto, CA 94304 
(415) 493-0400 

• Hewlett Packard 
Opto Electronics 
640 Page Mill Road 
Palo Alto, CA 94304 
(415) 857-5948 

• Litronix 

Cupertino, CA 95014 
(408) 257-7910 
TWX: 910-338-0022 


Oscillator Crystals 

• Daiwa Sinku Corp. 

Hirakacho, Kakogowa Hyogo, Japan 
0794-26-3211 

• International Piezo Ltd. 

Hong Kong 

3-351051 

TELEX: 35454 XTAL HX 

• Jameco 
Belmont, CA 
(415) 592-8097 
TELEX:176043 

• Statek Co. 

Crange, CA 92668 
(714) 639-7810 
TWX: 910-593-1355 

Piezoelectric Audio 
Transducers 

• Murata Erie 
Marietta, GA 30067 
(404) 952-9777 
TWX: 810-766-1531 

• Piezoelectric Products 
Gulton Industries 
Metuchen, NJ 08840 
(201) 548-2800 


Liquid Crystal Displays 

• Amperex 
Slatersville, Rl 02876 
(401) 762-3800 
TWX: 710-382-6332 

• Crystaloid 
Hudson, CH 44236 
(216) 655-2429 

• Epson 

Torrance, CA 90505 
(213) 534-0360 
TELEX: 182412 

• Hamlin 

Lake Mills, Wl 53551 
(414) 648-2361 
TWX: 910-260-3740 


Polypropylene Capacitors 

• International Components 
Melville, NY 11747 

(516) 293-1500 
TELEX: 143130 

• S&EI Manufacturing 
Northridge, CA 91324 
(213) 349-4111 

TWX: 910-493-1252 

• Seacor 
Westwood, NJ 
(201) 666-5600 
TELEX: 135354 

• Sprague Electric 
North Adams, MA 
(413) 664-4411 


• Printed Circuits International 
1145 Sonora Court 
Sunnyvale, CA 94086 

(408) 980-0591 

• REFAC 

Winsted, CT 06098-0809 
(203) 379-2731 
TWX: 710-449-6464 

• UCE 

Norwalk, CT 06855 
(203) 838-7509 

• Varitronix 
VL Electronics 

Los Angeles, CA 90027 
(213) 661-8883 
TELEX: 821-554 

Liquid Crystal Display 
Connectors 

• Tecknit 

129 Dermody Street 
Cranford, NJ 07016 
(201) 272-5500 
TWX: 710-996-5951 


• TRW Capacitors 
Cgalla, NE 

(308) 284-3611 

• Wesco 

Greenfield, MA 01301 
(413) 774-4358 

• West Lake Capacitors 
West Lake Village, CA 
(818) 889-4120 

TWX: 910-494-4779 

Quad Flat Package 
Test Sockets 

• Nepenthe Distribution 
2471 East Bayshore, Suite 520 
Palo Alto, CA 94303 

(415) 856-9332 


15 


Resistor Networks 

• Caddock Electronics 
1717 Chicago Avenue 
Riverside, CA 92507 
(714) 788-1700 
TWX: 910-332-6108 


This listing does not represent an endorsement of manufacturer’s product ora 
guarantee of suitablity. Contact the supplier for specific product information. 
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Brief Glossary For TSC Products 


Analog-to-Digital Converter 

Electronic device that converts Analog (continuous) infor¬ 
mation into a Digital word (number). Analog quantities can 
be temperature, pressure, weight, chemical concentration, 
noise ievel, and fluid level. 

The Digital result can be a number in binary, decimal, or 
binary-coded-decimal (BCD). 

Auto-Zero 

A self-correcting system that Insures a Zero output of the 
ADC for a Zero input. 

Binary 

Number system with only two values — 0 or 1 — in each 
numeric position. This is the number system used in compu¬ 
ter systems. 


Binary-Coded-Decimal (BCD) 

A number system whereby binary numbers are grouped in 
sets of four to represent decimal (Ten system) numbers. This 
system is shown below. 


BCD # 

0000 

0001 

0010 

0011 

0100 

0101 

0110 

0111 

1000 

1001 


Decimal # 

0 

1 

2 

3 

4 

5 

6 

7 

8 
9 


This number system is useful for some A/D converters intended 
to be used in displaying the output as decimal numbers. 

Bit 

A single binary number unit, 0 or 1. An 8-bit number could 
appear as; 

10011110 (158 in decimal) 

or 

01000011 (67 in decimal) 


or any other combination 

from 00000000 

to 

11111111 


Code 

Output format of A/D converter. Usually binary, BCD, or 
sign-magnitude binary. 


Digit 

A single decimal number unit that can range in value from 0 to 9. 
Thus, a 3 1/2 digit A/D converter goes from 0000 to 1999; 

a 4 1/2 digit A/C converter can provide outputs from 
00000 to 19999; 

and a 3 digit converter can provide outputs from 
000 to 999. 

Note that the "1/2 digit" merely doubles the output range by 
adding a Most Significant Bit to the output. 

Display ADC 

An A/D converter normally designed to convert and display 
the numeric value representing the analog signal. Display 
ADC’s may have the Display Driver built in (as the TSC7106, 
7107, 7116, 7117 have), or may provide multiplexed BCD for 
use by external drivers (the TSC14433, TSC7135, and 
TSC8750 do this). 

Least-SIgnificant-Bit (or Digit) 

The lowest number position 

for Decimal 1287 

t 

Least Significant Digit (LSD) 

for Binary 10010011 

t 

Least Significant Bit (LSB) 

Multiplexed 

Signals sharing a common connection but separated in time 
are said to be multiplexed. Multiplexed BCD is characterized 
by the 4 BCD signal paths in which the appropriate digits are 
separated in time. 

Resolution 

Number of output states offered by the A/D converter. Fora 
binary ADC, the resolution is 2"; where n equals the number 
of bits, 

thus: 2® =256 

2'° = 1024 
2’® = 4096 
2’“= 16384 
2’® = 65536 

For decimal and BCD ADCs, the resolution equals 10"; where 
n is the number of digits (see "Digit" definition). 

Sign 

An additional output in some ADCs that are capable of mea¬ 
suring both + and - voltage. The sign bit identifies this polar¬ 
ity (typically, “1” for + and "0" for -). The coding format 
resulting is called Sign-Magnitude Code. 
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Glossary of Data Conversion Terms 


Absolute Accuracy 

The worst-case input to output error of a data converter re¬ 
ferred to the NBS standard volt. 

Accuracy 

The conformance of a measured value with its true value; the 
maximum error of a device such as a data converter from the 
true value. See relative accuracy and absolute accuracy. 

A/D Converter 

Analog-to-digital converter. A circuit which converts an 
analog (continuous) voltage or current into an output digital 
code. 

Auto-Zero 

A Stabilization circuit which serves an amplifier or A/D con¬ 
verter input offset to zero during a portion of its operating 
cycle. 

Bandgap Reference 

A voltage reference circuit which is based on the principle of 
the predictable base-to-emitter voltage of a transistor to 
generate a constant voltage equal to the extrapolated band- 
gap voltage of silicon (*1.22 V). 

Binary Code 

A positive weighted code in which a number is represented 
by 

N = ao2° + ai2’ + 322^ + + . . . + an2" 

where each coefficient “a” has a value of zero or one. Data 
converters use this code in its fractionai form where: 

N = ai2‘’ + 322"® + 332'® + . . . an2'" 
and N has a fractional value between zero and one. 

Binary Coded Decimal (BCD) 

A binary code used to represent decimal numbers in which 
each digit from 0 to 9 is represented by four bits weighted 
8-4-2-1. Only 10 of the 16 possible states are used. 

Bipolar Mode 

For a data converter, when the analog signal range includes 
both positive and negative values. 

Busy Output 

See Status Output 

Charge Balancing A/D Converter 

An analog-to-digital conversion technique which employs an 
operational integrator circuit within a pulse generating feed¬ 
back ioop. Current puises from the feedback loop are pre¬ 
cisely balanced against the analog input by the integrator, 
and the resulting pulses are counted fora fixed period of time 
to produce an output digital word. This technique is also 
called quantized-feedback. 

Clock 

A circuit in an A/D converter that generates timing pulses 
which synchronize the operation of the converter. 

Common-Mode Rejection Ratio 

For an amplifier, the ratio of differential voltage gain to 
common-mode voltage gain, generally expressed in dB. 

CMRR = 20 logio 

Acm 


where Ad is differential voltage gain and Acm is common 
mode voltage gain. 

Conversion Time 

The time required for an A/D converter to complete a single 
conversion to specified resolution and linearity for a full- 
scale analog input change. 

Differential Linearity Error 

The maximum deviation of any quantum (LSBchange) in the 
transfer function of a data converter from its ideal size of 
FSR/2" 

Dual Slope A/D Converter 

An indirect method of A/D conversion whereby an analog 
voltage is converted into a time period by an integrator and 
reference and then measured by a clock and counter. The 
method is relatively slow but capable of high accuracy. 

End of Conversion 

See Status Output 

Frequency-To-Voltage (F/V) Converter 

A device which converts an input pulse rate into an output 
analog voltage. 

Full-Scale Range (FSR) 

The difference between maximum and minimum analog 
values for an A/D converter input or D/A converter output. 

Integral Linearity Error 

The maximum deviation of a data converter transfer function 
from the ideal straight line with offset and gain errors zeroed. 
It is generally expressed in LSB’s or In percent of FSR. 

Integrating A/D Converter 

One of several types of A/D conversion techniques whereby 
the analog input is integrated with time. This includes dual 
slope, triple slope, and charge balancing type A/D converters. 

Least Significant Bit (LSB) 

The rightmost bit in a data converter code. The analog size of 
the LSB can be found from the converter resolution: 

LSB Size = 

2 " 

where FSR is full-scale range and n is the resolution in bits. 

Linearity Error 

See Integral Linearity Error and Differentiai Linearity Error. 

Missing code 

In an A/D converter, the characteristic whereby not all output 
codes are present in the transfer function of the converter. 
This is caused by a non monotonic D/A converter inside the 
A/D. 

Monotonicity 

For a D/A converter, the characteristic of the transfer func¬ 
tion whereby an increasing input code produces a contin¬ 
uously increasing analog output. Nonmonotonicity may 
occur if the converter differential linearity error exceeds ±1 
LSB. 

Most Significant Bit (MSB) 

The leftmost bit in a data converter code. It has the largest 
weight, equal to one half of full-scale range. 
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Glossary of Data Conversion Terms 


Multiplying D/A Converter 

A type of digital-to-anaiog converter In which the reference 
voltage can be varied over a wide range to produce an analog 
output which is the product of the Input code and input 
reference voltage. Multiplication can be accomplished in 
one, two, or four algebraic quadrants. 

Noise Rejection 

The amount of suppression of normal mode analog Input 
noise of an A/D converter or other circuit, generally ex¬ 
pressed in dB. Good noise rejection Is a characteristic of 
Integrating type A/D converters. 

Offset Drift 

The Change with temperature of analog zero for a data 
converter operating in the bipolar mode. It Is generally 
expressed In ppm/®C of FSR. 

Parallel Type A/D Converter 

An ultra-fast method of A/D conversion which uses an array 
of 2 " - 1 comparators to directly implement a quantizer, 
where n is the resolution in bits. The quantizer is followed by 
a decoder circuit which converts the comparator outputs Into 
binary code. 

Power Supply Sensitivity 

The output change in a data converter caused by a change In 
power supply voltage. Power supply sensitivity is generally 
specified in %/V or in %/% supply change. 

Ratiometric A/D Converter 

An analog-to-digital converter which uses a variable reference 
to measure the ratio of the input voltage to the difference. 


Relative Accuracy 

The worst case input to output error of a data converter, as a 
percent of full-scale, referred to the converter reference. The 
error consists of offset, gain, and linearity components. 

Resolution 

The smallest change that can be distinguished by an A/D 
converter or produced by a D/A converter. Resolution may 
be stated In percent of full-scale, but is commonly expressed 
as the number of bits n where the converter has 2^^ possible 
states. 

Status Output 

The logic output of an A/D converter which indicates whe¬ 
ther the device is In the process of making a conversion or 
the conversion has been completed and output data is ready. 
Also called busy output or end of conversion output. 

Temperature Coefficient 

The change in analog magnitude with temperature, ex¬ 
pressed in ppm/®C. 

Three-State Output 

A type of a/D converter output used to connect to a data bus. 
The three output states are logic 1, logic 0, and off. An enable 
control turns the output on or off. 

Voltage-To-Frequency (V/F) Converter 

A device which converts an analog voltage into a train of digi¬ 
tal pulses with frequency proportional to the input voltage. 

Zero Drift 

The change with temperature of analog zero for a data con¬ 
verter operating in the unipolar mode. It is generally ex¬ 
pressed in /uV/®C. 
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10705 Reistertown Rd. 

Arizona 

8691 Somerset Dr. 

- Largo, FL 33543 

Suite D 

Owings Mills, MD 21117 

Luscome Engineering 

813/530-4749 

301/356-9500 

7533 E. First Street 

Scottsdale. AZ 85251 

TLX: 808-726 

Electrocraft, Inc. 

TLX: 757850 

602/949-9333 

TWX: 910-950-1333 

1950 Lee Rd. 

Suite 112F 

_ Winter Park, FL 32790 

Massachusetts 

Dynasei Associates 

California 

305/628-4705 

22 Green St. 

Waltham, MA 02154 

Bestronics, inc. 

5150 Overland Ave. 

Suite El 

Georgia 

Dixie Technical Mktg. 

617/890-6777 

_ TWX: 710-324-0202 

Culver City, CA 90230 
213/870-9191 

6290-C McDonough Dr. 

Norcross, GA 30093 

Michigan 

TWX: 910-340-6369 

404/447-6832 

KRW Sales 

Bestronics, Inc. 

18011 Sky Park Circle 

TLX: 804-468 

315 East Eisenhower 
__ Suite 300 

Suite L 

Irvine, CA 92714 

714/261-7233 

Illinois 

KMA Sales Inc. 

Ann Arbor. Ml 48104 
_ 313/769-0056 

TWX: 910-595-2781 

GNH Associates 

5105 Tollview Drive 

Suite 275 

Minnesota 

1101 San Antonio 

Rolling Meadows, IL 60008 

Comprehensive Tech. 

Suite 400 

312/398-5300 

8053 Bloomington Freeway 

Mountain View, CA 94040 
415/961-6740 

TWX:910-687-0263 

Suite 140 

Minneapolis, MN 55420 

Bestronics, Inc. 

9683 Tierra Grande Street 

Indiana 

612/888-7011 

Suite 102 

San Diego, CA 92126 

The Given Corp. 

3301 Portage Blvd. 

Missouri 

619/693-1111 

Suite 8 

Hitech Central Incorporated 

TWX: 910-335-1267 

Ft. Wayne, IN 46804 

2282 Goldfinch 

Bestronics, Inc. 

219/432-5585 

Florissant, MC 63031 

6351 Owensmouth Ave. 

Suite 102 

Woodland Hills, CA 91367 
818/704-5616 

TWX: 910-494-4600 

TWX: 810-332-1412 

314/831-9377 

Hitech Central Incorporated 

803 Choctaw 

Independence, MC 64056 

816/796-6684 
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United States Representatives (Cent.) 


New Jersey 


TAM 

2 Ridgedale Ave. 

Suite 370 

Cedar Knolls, NJ 07927 
201/285-9094 
TWX: 710-991-0018 
Sunday O’Brien 
15 Potter St. 
Haddonfield, NJ 08033 
609/429-4013 
TWX: 710-896-0679 


New York 


D.L. Eiss Assoc., Inc. 

10 Guyton Street 
Kingston, NY 12401 
914/338-7588 
D.L. Eiss Assoc., Inc. 

1350 Buffalo Road 
Rochester, NY 14624 
716/328-3000 
TAM 

1757 Veterans Memorial Hwy. 
Suite 408 

South Hauppauge, NY 11722 

516/348-0800 

TWX: 510-221-2147 


North Carolina 


Dixie Technical Mktg. 
4903-C3 Newpole Rd. 
Raleigh, NC 27604 
919/878-0909 


Ohio 


KRW Sales 
1566 Grimes Ave. 
Urbana, OH 43078 
614/885-2598 
KRW Sales 
P.O. Box 45008 
Suite 5 

Westlake, OH 44145 
216/871-7521 
TWX: 980-131 


Oklahoma 


Comptech Sales, Inc. 
2221 Madison Drive 
Suite B 

Arlington, TX 76011 
918/585-1313 


Oregon 


Vantage Corp. 

7100 S.W. Hampton St. 
Ste. 205 

Tigard, OR 97223 
503/620-3280 
TWX: 910-997-1473 


Pennsylvania 


KRW Sales 
227 Allegheny Ave. 
Oakmont, PA 15139 
412/261-1323 


Texas 


Oomptech Sales, Inc. 
2221 Madison Drive 
Suite B 

Arlington, TX 76011 
817/265-6007 
Oomptech Sales, Inc. 
8001 Downing Street 
Austin, TX 78759 
512/331-8922 
Comptech Sales, Inc. 
1135 Bournewood 
Sugarland, TX 77748 
713/491-6695 


Virginia 


Walker-Houck 
105 Oak Hollow Dr. 
Moneta, VA 24121 
703/297-4496 


Washington 


Vantage Corp. 

300 120th Ave. N.E. 
Bldg. 7, Ste. 207 
Bellevue, WA 98005 
206/455-3460 
TWX: 910-443-2308 


Wisconsin 


KMA Sales Inc. 

2360 N. 124th Street 
Milwaukee, Wl 53226 
414/259-1771 
TWX: 910-262-3315 
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Canadian Representatives 


British Coiumbia Ontario Quebec 


Davetek Marketing 
8148 Riel Place 
Vancouver, BC V5S 4B3 
604/430-3680 
TWX: 04-508-312 


Vitel Electronics, Inc. 
4019 Carling Ave. 

Suite 180 

Kawata, OT KWK 2A3 
613/592-0090 
Vitel Electronics, Inc. 
5945 Airport Road 
Suite 180 

Mississauga, OT L4V 1R9 

416/676-9720 

TWX: 610-492-2528 


Vitel Electronics, Inc. 
3300 Cote Vertu 
Suite 203 

St. Laurent, QB H4R 2B7 

514/331-7393 

TWX; 610-421-3124 


United States Distributors 


Aiabama 


Caiifornia (Cent.) Caiifornia (Cent.) 


Powell Electronics 
704 Arcadia Circle 
Huntsville, AL 35801 
205/539-2731 
TWX: 810-726-2231 
Marshall Industries 
3313 Memorial Parkway South 
Suite 106 

Huntsville, AL 35801 
205/881-9235 


Arizona 


Marshall Industries 
835 West 22nd St. 
Tempe, AZ 85282 
602/894-2188 
TWX: 910-950-1946 
Time Electronics 
1203 W. Geneva Drive 
Tempe, Arizona 85282 
602/967-2000 
TWX: 910-950-0086 
TLX: 85-8910 


Caiifornia 


Time Electronics 
2410 E. Ceiritos Ave. 
Anaheim, CA 94806 
714/937-0911 
TWX: 85-8904 
Marshall Industries 
8015 Deering Ave. 
Canoga Park, CA 91304 
818/999-6570 
TWX: 910-494-4821 


Time Electronics 
9751 Independence Ave. 
Chatsworth, CA 91311 
818/998-7200 
TWX: 910-380-6274 
Marshall Industries 
9674 Telestar Ave. 

El Monte, CA 91731-3004 
818-442-7204 
TWX: 910-587-3448 
Marshall Industries 
17321 Murphy Ave. 

Irvine, CA 92714 
714/660-0278 
TWX: 910-595-1969 
Marshall Industries 
336 Los Coches Street 
Milpitas, CA 95035 
408/943-4700 
Marshall Industries 
10105 Carroll Canyon Rd. 
San Diego, CA 92131 
619/578-9606 
TWX: 910-322-1353 
Time Electronics 
8525 Arjone Drive 
Suite A 

San Diego, CA 92126 

619/586-1331 

TLX: 85-8902 

Time Electronics 

1339 Moffett Park Drive 

Sunnyvalk CA 94089 

408/734-98813 

TLX; 85-8914 


Time Electronics 
19210 S. Van Ness Ave. 
Torrance, CA 90501-1194 
213/320-0880 
TLX: 85-8886 


Coiorado 


Marshall Industries 
7000 N. Broadway 
Suite 108 
Denver, CO 80221 
303/427-1800 
TWX: 910-938-0394 
Time Electronics 
7399 South Tuscon Way 
Suite A-7 

Englewood, CO 80112 
303/799-8851 
TWX: 910-931-2227 


Connecticut 


Time Electronics 
1701 Milldale Road 
Cheshire, CT 06410 
203/271-3200 
Marshall Industries 
20 Sterling Dr. 

Barnes Ind. Pk 
P.O. Box 200 

Wallingford, CT 06492-0200 

203/265-3822 

TWX: 710-476-0300 


TELEDYNE SEMICONDUCTOR 


17-6 







United States Distributors (Cont.) 


Florida 


Illinois 


Kansas (Cont.) 


Marshall Industries 
1001 NW 62nd St. 

Suite 306D 

Ft. Lauderdale, FL 33309 
305/928-0661 
TWX: 910-997-5206 
Time Electronics 
6610 N.W. 21st Ave. 

Ft. Lauderdale, FL 33309 

305/974-4800 

TLX: 85-8890 

All American 

16251 NW 54th Ave. 

Miami, FL 33014 

305/621-8282 

TWX: 810-848-4048 

Marshall Industries 

4205 34th St. SW 

Orlando, FL 32811 

305/841-1878 

TWX: 810-850-0249 

Time Electronics 

4405 Vineland Road 

Suite C15 

Orlando, FI 32811 

305/841-6565 

TWX: 910-350-2256 


Time Electronics 
2270 Marietta Blvd., N.W. 
P.O. Box 20225 
Atlanta, GA 30325 
404/351-3545 
TLX: 85-8883 
Marshall Industries 
4350J International Blvd. 
Norcross, GA 30093 
404/925-1895 
TWX: 810-766-3969 

Time Electronics 
5555 Oakbrood Pkwy. 
Suite 535 

Norcross, GA 30093 
404/448-4448 


L Comp, Inc. 

1115 W. National Ave. 
Addison, IL 60101 
312-628-1400 
Advent Electronics 
711016 N. Lyndon St. 
Rosemont, IL 60018 
312/298-4210 
TWX: 910-233-2477 
Marshall Industries 
1261 Wiley Rd., #F 
Schaumburg, IL 60195 
312/490-0755 
TWX: 910-256-0036 
Time Electronics 
945 N. Edge wood Dr. 
Suite G 

Wooddale, IL 60191 
312/350-0610 


Indiana 


Advent Electronics 
8446 Moller Rd. 
Indianapolis, IN 46268 
317/872-4910 
TWX: 810-341-3228 
Marshall Industries 
6990 Corporate Drive 
Indianapolis, IN 46278 
317/297-0483 


Iowa 


Advent Electronics 
682 58th Ave. St., S.W. 
Cedar Rapids, lA 52404 
319/363-0221 
TWX: 910-525-1337 
Deeco, Inc. 

2500 16th Ave., S.W. 
Cedar Rapids, lA 52406 
319/365-7551 
TWX: 910-525-1332 


Kansas 


Georgia 


Marshall Indsutries 
8321 Melrose Drive 
Lenaxa, KS 66214 
913/492-3121 
TWX: 910-997-5213 


L Comp., Inc. 

2111 West Harry 
Wichita, KS 67213-3253 
316/265-5100 
Marshall Industries 
230 Laura Street 
Wichita, KS 67211 
316/264-6333 


Maryland 


Time Electronics 
9051 Red Branch Road 
Columbia, MD 21045 
301/964-3090 
TWX: 710-862-2860 
Marshall Industries 
8445 Helgerman Ct. 
Gaithersburg, MD 20877 
301/840-0228 
TWX: 710-828-9748 
Pyttronic Industries 
8220 WeJImore St. 
Savage, MD 20863 
301/792-0780 
TWX: 710-867-9279 


Massachusets 


Marshall Industries 
Five Wilshire Rd. 
Burlington, MA 01803 
617/272-8200 
TWX: 710-332-6359. 

Now Electronics 
85 Speen St. 
Framingham, MA 01701 
617/872-5876 
Future Electronics 
133 Flanders Rd. 
Westborough, MA 01580 
617/366-2400 
TWX: 710-390-0374 
Time Electronics 
150C New Boston Street 
Woburn, MA 01801-6202 
617/905-8080 
TLX: 85-8888 
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United States Distributors (Cont.) 


Michigan 


Nebraska 


New York (Cont.) 


Advent Electronics 
24713 Crestview Ct. 
Farmington Hill, Ml 48018 
313/477-1650 
TWX: 810-242-2907 
Calder Electronics 
4245 Brockton Dr., S.E. 
Grand Rapids, Ml 49508 
616/698-7400 
Marshall Industries 
13067 Schoolcraft 
Livonia, Ml 48150 
313/525-5850 
TWX: 910-997-5193 


Time Electronics 
7408 W. 78th Street 
Bloomington, MN 55435 
612/944-9192 
TWX: 910-380-6272 
The Joel Company 
612-11th Ave. So. 
Hopkins, MN 55343 
612/935-6202 
TWX: 910-576-3171 
Marshall Industries 
3800 Annapolis Lane 
Suite 460 

Plymouth, MN 55441 
612/559-2255 
TWX: 910-997-5190 


L Comp., Inc. 

2211 Riverfront Dr. 

Kansas City, MO 64120-1476 
816/221-2400 
TWX: 910-771-3148 
L Comp., Inc. 

2550 Harley Dr. 

Maryland Heights, MO 63043 

314/291-6200 

TWX: 910-380-7667 

Time Electronics 

330 Sovereign Court 

St. Louis, MO 63011-4491 

314/391-6444 

TLX: 85-8896 


L Comp., Inc. 

927 El Dorado Dr. 
Omaha, NB 68154 
402/493-8437 


New Jersey 


Vantage Electronics 
23 Sebago St. 
Cllffton, NJ 07813 
201/777-4100 
Marshall Industries 

101 Fairfield Rd. 
Fairfield, NJ 07006 
201/882-0169 
TWX: 710-989-7052 
Marshall Industries 

102 Gaither Dr. 

Mt. Laurel, NJ 08054 
609/778-8720 
TWX: 710-897-1364 


New York 


Future Electronics 

7453 Morgarner 

East Syracuse, NY 13088 

315/451-2371 

TWX: 710-541-0402 

Time Electronics 

6075 Corporate Drive 

East Syracuse, NY 10057 

315/432-0355 

SAI 

564 Smith St. 
Farmingdale, NY 11735 
516/293-2710 
TWX: 510-224-6067 
Time Electronics 
70 Marcus Boulevard 
P.O. Box 11248 
Hauppauge, NY 11788 
516/278-0100 
TLX: 85-8898 
Marshall Industries 
275 Oser Ave. 

Hauppauge, LI, NY 11788 

516/273-1515 

TWX: 510-220-1139 


Minnesota 


Missouri 


Marshall industries 
129 Brown St. 

Johnson City, NY 13790 
607/729-4351 
Marshall Industries 
1280 Scottsville Rd. 
Rochester, NY 14624 
716/235-7620 
TWX: 510-253-5526 


North Carolina 


Marshall Industries 
5221 North Boulevard 
Raleigh, NC 27604 
919/876-7383 
TWX: 910-997-5209 


Ohio 


Hughes-Peters, Inc. 
4865 Duck Creek Rd. 
P.O. Box 27119 
Cincinnati, OH 45227 
513/351-2000 
TWX: 810-461-2885 

Hughes-Peters, Inc. 
481 E. 11th Ave. 
Columbus, OH 43211 
614/294-5351 
TWX: 810-482-1760 
Marshall Industries 
6212 Executive Blvd. 
Dayton, OH 45424 
513/236-8122 
TWX: 810-459-1735 

Time Electronics 
6175 H. Shamrock Ct. 
Dublin, OH 43017 
614/761-1100 
Marshall Industries 
5905B Harper Rd. 
Solon, OH 44139 
216/248-1788 
TWX: 810-427-2701 
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United States Distributors (Cont.) 


Oklahoma 


Texas 


Washington 


Quality Components 
9934 E. 21st St. S. 
Tulsa, OK 74129 
918/664-8812 


Oregon _ 

Marshall Industries 
8230 S.W. Nimbus Ave. 
Beaverton, OR 97005 
603/643-6555 
TWX: 910-997-8048 
Time Electronics 
16125 S,W. 72nd Ave. 
Bldg. 2 

Portland, OR 97224 
603/684-3780 
TLX: 82-1879 


Pennsylvania 

Time Electronics 
Mid Atlantic Division 
600 Clark Ave. 

King of Prussia, PA 19406 
216/337-0900 
Pyttronic Industries 
P.O. Box 433 
Stump Rd. 

Montgomeryville, PA 18936 
213/643-2850 
TWX: 510-661-6593 
Marshall Industries 
701 Alpha Drive #240 
Pittsburgh, PA 15238 
412/963-0441 
TWX: 710-897-1364 


Quality Components 
4257 Kellway Circle 
P.O. Box 819 
Addison, TX 75001 
214/733-4300 
TWX: 910-860-5469 
Marshall Industries 
8504 Cross Park Drive 
Austin, TX 78754 
512/837-3939 
TWX: 910-874-2060 
Quality Components 
2120-M Braker Lane 
Austin, TX 78758 
512/835-0220 
TWX: 910-874-1377 
Time Electronics 
2210 Hutton Drive 
Carrollton, TX 75006 
214/241-7441 
Marshall Industries 
14205 Proton Rd. 
Dallas, TX 75234 
214/233-7650 
TWX: 910-860-5472 
Marshall Industries 
3698 Westchase Dr. 
Houston, TX 77042 
713/789-9300 
TWX: 910-881-4833 
Time Electronics 
10450 Stancliff Blvd. 
Houston, TX 77099 
713/530-0800 
Quality Components 
1005 Industrial Blvd. 
Sugarland, TX 77478 
713/491-2255 
TWX: 910-880-4893 


Marshall Industries 
14102 N.E. 21st St. 
Bellevue, WA 98007 
206/641-6800 
TWX: 910-443-3014 


Wisconsin 

Marshall Industries 

236 North Executive Drive #306 

Brookfield, Wl 63006 

414/797-8400 

Taylor Electric Co. 

100 W. Donges Bay Rd. 
Mequon, Wl 53092 
414/241-4321 
TWX: 910-262-3414 
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Canadian Distributors 


Alberta British Columbia Ontario 


Future Electronics 
Bay #2 3220 5th Ave. 
Calgary, AB T2A 5N1 
403/235-5326 
Intek Electronics 
4616-99 St. 

Edmonton, AB T6E 5W6 

403/437-2765 

TWX: 610-831-1101 


Future Electronics 
3070 Kingsway 
Vancouver, BC V5R 57J 
604/438-5545 
TWX: 610-922-1668 
Intek Electronics 
10-8385 St. George St. 
Vancouver, BC V5X 4P3 
604/324-6831 
TWX: 610-922-5032 


Future Electronics 
82 St. Regis Cresant N. 
Downsview, ON M3J 123 
416/638-4771 
Future Electronics 
1050 Baxter Rd. 

Ottawa, ON K2C 3P2 
613/820-8313 


Quebec 


Future Electronics 
237 Humus Blvd. 

Pointe Claire, QB H9R 5C7 

514/694-7710 

TWX: 610-421-3500 
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International Representatives and Distributors 


Argentina 


France 


Isreal (Representative) 


Tinko SA 
Aisina 1633 
1088 Buenos Aires 
Argentina 

Telephone: 49-6060 
TLX: 17825 SEN IS AR 


Austraiia 


Tekelec Airtronic SA 
Cite des Bruyeres 
Rue Carle Vernet 
F-92310 Sevres 
Telephone: 01-5347535 
TLX: 204552 


Germany 


M.L.R.N. Electronics Ltd. 

15, Kineret Street 

Bney-Brak 

P.O. Box 20168 

Tel-Aviv 61200 

Israel 

Telephone: 03-708174/5 
TLX: 342107 


Promark Electronics Pty. Ltd. 
Suite 102, 6-8 Clarke Street 
Crows Nest, NSW 2065 
Australia 

Telephone: 439-6571 or 439-6965 
TLX: 20474 


Beigium 


Microtron PVBA/SPRL 
Tremelobaan 131 
B-2850 Keerbergen 
Telephone: 016-534186 
TLX: 22606 


Brazil 


Hitech Comerciale Industrial Ltd. 
Av. Eng. Luiz Carlos Berrini, 801 
Conjunto 111/121 
Brooklin 

Telephone: (011) 533-9566 
TLX: 391-53288 


Denmark 


Nordisk Elektronik AS 
Tranformervej 17 
DK-2730 Herlev 
Telephone: 02-842000 
TLX: 35200 


Finland 


Fintronic OY AB 
Melkonkatu 24A 
SF-00210 Helsinki 21 
Telephone: 80-6926022 
TLX: 124224 


Adelco Elektronik GmbH 
Boxholmstr. 5 
2085 Quickborn 
Telephone: 04106-2024 
TLX: 2180619 

Emtron 

Electronic Vertriebs GmbH 
Waldstr. 55 
6085 Nauheim 
Telephone: 06152-6003 
TLX: 4191175 

Ing. T. Henskes GmbH 
Badenstedter Str. 9 
3000 Hannover 91 
Telephone: 0511-456082 
TLX: 923509 

Hot Elektronik 
Wendelsteinweg 11 
Postfach 1261 

8028 Taufkirchen — Potzham 
Telephone: 089-6121092 
TLX: 529528 

Metronik GmbH 
Kapellenstr. 9 
8025 Unterhaching 
Telephone: 089-6114063 
TLX: 529524 

Rein Elektronik GmbH 
Lotscher Weg 66 
4054 Nettetal 1 
Telephone: 02153-733-0 
TLX: 854251 

Semitron W. Rock GmbH 
Im Gut 1 

7891 Kussaberg 6 
Telephone: 07742-7011 
TLX: 7921472 


Italy 


Eledra 3S Spa 
Viale Elvezia 18 
1-20154 Milano 
Telephone: 02-349751 
TLX: 332332 
314155 


Japan 


Tomen Electronics Corp. 

1-1, Uchisaiwai-Cho 2-Chome 
Chiyoda-Ku, Tokyo 100 
Telephone: (03) 506-3694 
TLX: J-23548 

Sil-Walker Inc. 

1-1, Shinjuku 5-Chome 
Shinjuku-Ku, Tokyo 160 
Telephone: (03) 341-3651 
TLX: 0232-3398 


Korea 


Vine-Overseas Trading Corp. 
Rm. 308, Korea Electric 
Association Bldg., 

11-4, Supyo-Dong, Jung-Ku 
Seoul 

Telephone: 

266-1663/265-9875/269-0832 
TLX: K24154 


Mexico 


Dicopel 
Tochtli 368 

Fracc Ind. San Antonio 
Azcapotzalco C.P. 02760 Mexico D.F. 
Telephone: 561-32-11 
TLX: 1773780 DICOME 
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International Representatives and Distributors 


Netherlands 


Sweden 


United Kingdom 


Alcorn Electronics bv Nordisk Elektronik AB 

Esse Baan 1 Huvudstagatan 1 

NL-2908 LJ Capelle a/d IJssel P.O. Box 1409 

Telephone: 010-519633 S-17127 Solna 

TLX: 26160 Telephone: 08-7349770 

_ TLX: 10547 


New Zealand 


Professional Electronics Ltd. 
22A, Milford Rd., Milford, 
Auckland 

Telephone: 493-048/029 
TLX: NZ21084 


Switzerland 


ENA AG 

Hermetschloostr. 75 
CH-8048 Zurich 
Telephone: 01-645757 
TLX: 822303 


South Africa Omni Ray AG 

Industriestr. 31 

Fairmont Electronics (Pty) Ltd. CH-8305 Dietllkon 

4th FI., 312 Kent Avenue, Telephone: 01-8352111 

Ferndale TLX' 53239 

Randburg 2194, South Africa 

Telephone: (011) 789-1230/4 - 

TLX: 8-24842 Taiwan 


Spain 


Amitron S.A. 

Avenida Valladolid, 47-A 
E-28008 Madrid 
Telephone: 01-2479313 
TLX: 45550 


Timkuo Taiwan Ltd. 

8F-2, 157 Fu Hsing S. Road 
Sec. 2, Taipei 
Telephone: (02) 709-2246 
TLX: 26206 


Macro Marketing Ltd. 

Burnham Lane 
Slough, Berks. SL1 6LN 
Telephone: 06286-4422 
TLX: 847945 

Phoenix Electronics 
(Airdrie) Ltd. 

Western Buildings 
Vere Road 
Kirkmuirhill 
Lanarkshire, Scotland 
Telephone: 0655-892393 
TLX: 777404 

Semicomps Ltd. 

Halifax Road 
Keighley 

West Yorkshire BD21 5HR 
Telephone: 0535-65191 
TLX: 517343 

Semiconductor Supplies 
International Ltd. 

Dawson House 
128/130 Carshalton Road 
Sutton, Surrey SMI 4RS 
Telephone: 01643-1126 
TLX: 946650 

Trident Microsystems Ltd. 

53 Ormside Way 
Holmethorpe Industrial Estate 
Redhill, Surrey RH1 2LS 
Telephone: 0737-65900 
TLX: 8953230 
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1300 Terra Bella Avenue‘P.O. Box 7267•Mountain Vie\A/, CA 94039-7267*(415) 968-9241 


